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(57) Abstract 



Methods are disdosed for the production ofantt-self an- 
tibodies and antibody fragments, being antibodies or frag- 
ments of a particular spedes of mammal whidi bind self-anti- 
gens of that spedes. Methods comprise providing a libraiy of 
leplicable genetic display packages (rgdps), such as filamcn- 
tODS phage, each rgdp displaying at its surface a member of a 
spedfic binding piair which is an antibody or antibody frag- 
ment, and each rgdp containing nuddc add secjuenoe derived 
from a spedes of mammaL The nuddc add sequence in each 
rgdp oicodes a polypeptide chain which is a component part of 
the sbp member displayed at the surface of that igdp. Anti-self 
antibody Craginents are selected by l»n<tiDg with a se^ 
from the said spedes of mammaL The displayed antibody frag- 
ments may be scFv, Fd, Fab or any other fragment wfaidi has 
the capability of binding antigen. Nudeic add libraries used 
may be derived from a rearranged V-gene sequences of onim- 
mnnised mammal. Synthetic or artifidBl libraries are described 
and shown to be osdfuL 
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1 

PRODUCTION OF ANTI'SELF ANTIBODIES FROM ANTIBODY SEGMENT REPERTOIRES AND 
DISPLAYED ON PHAGE 

This invention relates to the isolation of antibody 
molecules directed against self antigens, e.g. human 
5 antibodies directed against human self antigens. Phage 
display technology for selection of antibody molecules 
was described in WO92/01047, PCT/GB92/00B83 , 
PCT/GB92/01755 and GB9206372.6. The applicants have 
realised that antibodies directed against self antigens 

10 can be isolated using phage display technology. 

Human antiself antibodies are of particular value 
for in vivo therapeutic and diagnostic purposes, since 
they avoid the problems arising from the antigenicity of 
foreign, e.g. mouse antibodies. The most useful human 

15 antibodies for therapy are those directed against cell 
surface molecules, such as receptors, adhesins and 
integrins, and those directed against circulating 
biological effector molecules, such as hormones, growth 
factors and cytokines. It has been extremely difficult to ^ 

20 obtain human antibodies against such self antigens. This 
invention provides a powerful way of obtaining such 
antibodies. 

It is a demanding task to isolate an antibody 
fragment with specificity against self antigen. Animals 

25 do not normally produce antibodies to self antigens, a 
phenomenon called tolerance (G.J.Nossal Science 245 
147-153, 1989). Autoimmune diseases may result from a 
breakdown in tolerance. In general, vaccination with a 
self antigen does not result in production of circulating 

30 antibodies. It is therefore difficult to raise 

antibodies to self antigens, particularly in humans. It 
is i>ossible to raise antibodies that recognise human 
antigens in an animal such as a mouse, especially if the 
human antigen is not too closely related to any 

35 equivalent in the animal. If a human antibody is then 

required it is necessary to * humanise' the antibody, e.g. 
by CDR grafting (patent GB2188638B). 

Phage antibody technology as described in 
(WO92/01047) offers the ability to isolate such human 

40 antibodies directly. In this application, we demonstrate 
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Z ^isolated fro. phage libraries derived fro-. 
:^.rie. noM».u„ised sources fro» libr^ies prepared 
by synthetic recombination of V-gene se?iuences. 
pL^ly recc^ination of VH with. DH and ^-J^J^ . 
Lth JI. seouenoes. These antibodies are speoxfio for 
their antigen. This application Shows that Single , 

libraries derived in this manner can act as a source of 
^r^orelgn and self antigens and opens up ^ ^"'^ 
o£ a large, universal library to isolate ant^dres to 

T^'disclosed in patent appUcaticn WO9./010.7 
that antibody fragments can be displayed on the surface 
Of bacteriophage and that they will bind antigen. 
«tibody fragments can be directly selected usxng th.s 
Characteristic. This ability to isolate ^^^^ , 
fragment, (Fab, Fv, scFv and VH, using thexr - 
the surface o* filamentous bacteriophage has "^^^ 
the prospect of the isolation of antibody specificities 
a e anybodies directed against a particular antigen, 
Lt were difficult or impossible to Isolate P™^^' 

particular WO92/01M7 demonstrates that antibody 
speLflcitles can be isolated from a human who has not 
been specifically immunised ( ■unimmunlsed' ). even 
^iflcitles for antigens such as 2-phe„yl-5-c..-l="- 
to which humans will not normally be e.posed. 

in embodiments of this invention, natural or 
synthetic «.«body repertoires derived fro. a species of 
«™mal, such as human, mouse, rat, sheep, pig. goat, 
horse or other, are displayed on the surface of a 
^^cl^Xe genetic display paCage <r,dp, and the binding 
specificity for self is selected by binding to self 
altlgen. In this process, the V gene repertoires are 
^L. from V genes rearranged in^ or iS-Hi^ 
or by mutation of (a> rearranged V genets). A key feature 
Of the V gene repertoires Is that they 
diverse in sequence, usually m excess of lO' <J"*»^'^ 
Ihers. indeed It is possible that a sufficiently large 
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library may provide a source of specif icil:ies directed 
against any self antigen. The V-gene repertortres are 
cloned into the rgdp (for example a filamentous phage 
vector) such that antibody repertoires are displayed on 
5 the surface of the rgdp. The rgdps encoding rare antibody 
specificities binding to antiself, may be selected by 
virtue of binding to the self antigen. The antibody 
repertoires may be cloned in a single replicon or a dual . 
replicon format as described in WO92/01047 and 

10 PCT/GB92/00883. , 

The V genes may be cloned into the genetic material 
of the rgdp, and expressed as single domains, for example 
single heavy chain variable domains, so called single 
domain ligands or "dAbs" (see W090/01544), or as 

15 associated antibody heavy and light chain variable 
domains . 

The two domains could be displayed as separate 
polypeptide chains (linked as in Fab fragments through _ 
non-covalent association of domains and/or disulphide 

20 bonds), or as part of the same chain (single chain Fv 

fragments where the two domains are contained within the 
same polypeptide chain). 

in WO92/01047 and examples 1 to 8 of this 
application we have used fusion of antibody fragments to 

25 gene 3 protein of filamentous bacteriophage for display 
and selection of antibody fragments. An alternative 
approach would be to fuse antibody fragments to gene 8 
protein or other surface molecules of filamentous 
bacteriophage . 

30 isolation of human antibodies directed against human 

antigens is a demanding task. There are only a limited 
number of human antigens against which circulating human 
antibodies are naturally found. Antibodies are present 
directed against non-self antigens of human origin. 

35 Antibodies directed against human blood group B have been 
isolated from a phage display library prepared from 
subjects of blood group O (J.D. Marks et al, J- Mol. 
Biol 222 581-597, 1991), which recognise the blood group 
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aniens whiC. are ^„,«o„s of 

ciroula^ns autoantlbcaie.. " ,^,iauals are . 

30% Of B Xi^hocytes in ''^■J^^''^^ ^ a. CcoRe 

m "--3-*n:^t^ ^ -.ver. ^ 'natural 
^^1. Today 7 """i the-aelves » 

...oantl^es. pro.^ - 

therapeutic use as rney oj-.^ 

« 14 anrt A L Notkins Ann. Rsv- 
polyreactive (P. Casall and A.L. Noi^ 

LLl. 7 515-531, 19B9; S. Avra^eas ^unol- J^^ _ 

154-159). An inunune response -^-^^^^^^^ f 

autolnuuune disease or after infections -^^^^ ^^^^ 

^.onal an-odie-^rrir^^^^ 

r Tot X^ni: Methods 100 5-40, 19B.). 

James & G.T. eexx «„ooi£±c but may 

^ese autoantlboaie, ar. *->"f J^^r^e an«,en 
bind «. only a limited range of ^^^^"^ ,551). 

<«• — - - ^^ntenH^ -ivea fro. «.e 
The preparation of V gene 1 ^^litody may 

cf Plasma cells -^^^^"^^^ '^J^ derived 
thus lead to the isolation of «"=^'»* ,„«bodles 

autoantil-oaies ^ "^^^rattSmmun. diseases, 
^ght he -^"^n^^fhlu^r^ptor antihodies .ould 
for e««.ple antx "^^^ repertoires made 

re^rh^tTi^^^ --r^-Ssr- 

CnS^fro. a patient with thyroid autoimmune disease 
^T^^eno et ,1 Biochem. Biophys. Res Co^n. 17, 
372^^1991). This however required e«ensive 
s^eS;« Of 200.000 Plagues to Obtain one Clone x„ 

' n^o^ this lil.rary was derived from thyroid tissue, 
i ^ readily applicable in most instances. 
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the phage system, demonstrated in WO92/01047 allows the 
ready Isolation of autoantibodies from the IgM mRNA of 
peripheral blood lymphocytes of a donor without disease, 
we show in example 2 that antibodies binding to human 
5 thyroglobulin (which can be found in the sera of people 
with or without symptomatic autoimmune disease), can be 
isolated from phage repertoires prepared from unimmunised 
humans. One would not expect necessarily to be able to 
obtain antibodies to human thyroglobulin by immunising a 
10 human with human thyroglobulin, notwithstanding the 

presence of thyroglobulin autoantibodies in many people. 
Autoantibodies against thyroglobulin in normal sera have 
been reported often to have a high degree of 
polyreactivity (S.Avrameas, 1991 supra). In contrast, 
15 those which are isolated using a method according to the 
present invention involving phage antibody technology, 
see example 2 for instance, are specific for 
thyroglobulin . 

In this application, we also demonstrate that even 
20 antibodies against human tumour necrosis factor-a can be 
isolated as described in example 1 from the same library 
as the antibodies directed against thyroglobulin. Many 
self antigens do not have detectable associated 
circulating autoantibodies. Further, example 3 shows the 
25 isolation of antibodies against the self antigens mucin, 
carcinoembryonic antigen (CEA) and CD4. antibodies to 
which have not been reported in normal sera. Moreover, 
these antibodies are specific, whereas there is often a 
high degree of polyreactivity in natural autoantibodies 
30 which can sometimes be found. The vast majority of self 
antigens do not have detectable associated circulating 
autoantibodies. Thus the isolation of antiself 
antibodies as described in this invention opens the 
prospect of the direct isolation of human antibodies 
35 binding to human antigens for a number of purposes such 
as antibodies which bind to circulating hormones to 
block, modify or potentiate their action or antibodies 
that bind to cell surface antigen for imaging or killing 
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for example of cancer cells. 

The origin of the V genes 1:hat contribute to 
anti-self antibodies isolated from phage display 
I^hraries is not clear. Tolerance to self antigens by 
5 the inuoune system (preventing the generation of 

antibodies directed against them) is mediated by either 
r<i«nal deletion or functional inactivation (anergy) of , 
1^^. B lymphocytes (....Kema^e . -BurKi Nature 
337 562-566, 1989; C.C.Goodnow et al Nature 334 676-682, 
xa 1988; S.B.Hartley et al Nature 353 765-769, ^^^^^ 

n M.Hussell et al Nature 354 308-311, 1991). In either 
oa^e little circulating anti-self antibody is detectable 
for most antigens. However, in the case of 
functionally inactivated self-reactive cells from the B 
cell lineage persist in peripheral lymphoid organs 
leading to B cells in circulation. These rare 
i^^^ytes with anti-self specificity may provide heavy 
or light chain partners (or even both) for phage 
antibLies with anti-self specificities. Alternatively, 
such anti-self specificities may arise from the 
combination in the library of a VH domain ^ ^ 

domain to give a specificity that is — f ^^^f 
It occurs in nature. For this reason, combinatorial 
libraries and -chain-shuffled' libraries such as 
described in patent applications WO92/01047 may be a 
particularly rich source of anti-self antibodies. A 
"iTction procedure of great power, such as that provided 
by phage antibodies, is required to obtain such rare 

anti-self antibodies. ■ ^.^^-n: 

The degree of somatic mutation observed in antxself 
antibody fragments isolated by phage technology in this 
::rilcation indicates that some have- germ line sequences 
a^d have therefore arisen from virgin B cells. Other 
antibodies isolated by phage antibody technology in thxs 
35 application show somatic hypermutation indicating that 
the V genes have been stimulated by antigen, either a 
• foreign cross reactive antigen or other foreign antigens 
in both cases the antibody fragments isolated using phage 
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technology will usually be a combination of VH and VL 
domains not originally present in the B lymphocytes and 
the power of phage technology, as described in this 
application enables their isolation. 
5 According to the present invention there is provided 

a method of obtaining a member of a specific binding pair 
(sbp member), which sbp member has an antigen binding 
site with binding specificity for an antigen which is a 
self antigen of a species of mammal, the method 

10 comprising: 

(a) providing a library of replicable genetic 
display packages (rgdps), each rgdp displaying at 
its surface an sbp member, and each rgdp containing 
nucleic acid with sequence derived from said species 

15 of mammal and encoding a polypeptide chain which is 

a component part of the sbp member displayed at the 
surface of that rgdp; 

(b) selecting, by binding with said self antigen, 
one or more sbp members with binding specificity for 

20 said self antigen. 

The polypeptide component part encoded by the 
nucleic acid in each rgdp may be a VH or VL domain of an 
antibody, or any part of an antibody which, either alone 
or in combination with one or more other component parts. 

25 forms an antibody fragment which is capable of binding an 
antigen. Examples of polypeptide chains which may be 
used as component parts of an sbp member as described 
above therefore include, in addition to VH and VL 
domains, V^Pi,. VhChI, scFv fragments. Fab fragments and 

30 so on. 

Each said sbp member displayed at the surface of an 
rgdp may be an antibody fragment comprising a Vh domain 

and a domain. 

Each antibody fragment may be a scFv fragment, a Fab 
35 fragment, a Fv fragment consisting of the V^ and Vh 

domain of a single arm of an antibody, a single domain 
binding llgand consisting essentially of or comprising a 
heavy-chain variable domain (Fd), or any other fragment 
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which has the capability of binding an epitope or 

^'''''"^^e step of providing a library of rgdps may 

comprise r ^^^^ 
combining (i) a first polypeptide chain 
component part of an sbp member fused to a component 
of a rgdp which thereby displays said first 
polypeptide chain component part or population 
i:hereof at the surface of rgdps on expression in a 
recombinant host cell organism, or a population of 
such a first polypeptide chain component part fused 
to a said component of a rgdp, with (ii) a second 
polypeptide chain component part of an sbp member or 
a population of such a second polypeptide chain 
component part, to form a library of sbp members 
displayed at the surface of rgdps; 

at least one of said first or second 
polypeptide chain component part or populations 
thereof being encoded by nucleic acid which xs 
capable of being packaged using said component of an 
rgdp. 

The step of providing a library of rgdp may 

comprise: . 

expressing in a recombinant host organism a 

first polypeptide chain component part of an sbp 
member or a population of such a first polypeptide 
chain component part, fused to a component of an 
rgdp which thereby displays said polypeptide chaxn 
component part at the surface of rgdps; 

combining said first polypeptide chain 
component part or population " with a second 
polypeptide chain component part of an sbp member or 
a population of such a second polypeptide chain 
component part, to form a library of rgdps each 
35 displaying an sbp member at its surface, at least 

one of said polypeptide chain component parts bexng 
expressed from nucleic acid which is capable of 
being packaged using said component of an rgdp. 
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Where the sbp member is an Fab fragment; the first 
and second polypeptide chain component part may be a 
polypeptide consisting of a Vl and a Cl domain, and the 
second polypeptide chain component part a polypeptide 
5 consisting of a Vh and a ChI domain. 

The combining of first and second polypeptide chain 
component parts or populations thereof may be at the 
nucleic acid level with expression vectors each having 
introduced therein a sequence encoding a first component ^ 
10 part and a sequence encoding a sequence component part. 
On the other hand, the combining may be at the 
polypeptide level with first component parts not being 
expressed from the same vectors as second component 
parts, indeed, one or other of the first and second 
15 component parts may be provided as a soluble library. 
Details of various formats which may be employed are 
given in WO92/01047 and PCT/GB92/00883. 

The step of providing a library may comprise: 

combining (i) nucleic acid which encodes a 
20 first polypeptide chain component of an sbp member 

fused to a component of a rgdp or a population of 
such a first polypeptide chain component part fused 
to a component of a rgdp, with (ii) nucleic acid 
encoding a second polypeptide chain component part 
of an sbp member or a population thereof, to form a 
library of nucleic acid, nucleic acid of said 
library being capable of being packaged using said 
component of an rgdp; 

expressing in a recombinant host organism said 
first polypeptide chain component part fused to a 
component of a rgdp or population thereof and said 
second polypeptide chain component part of an sbp 
member or a population thereof, to produce a library 
of rgdps each displaying at its surface an sbp 
35 member and containing nucleic acid encoding a first 

and a second polypeptide chain component part of the 
sbp member displayed at its surface. 
Readers are urged to consult W092/01047, in 
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particular. If further details of a»y method described 

herein are desired. 

in one embodiment: of the present invention both 
first and second polypeptide chain component parts or 
5 populations thereof are e^ressed from nucleic acid 

capable of being packaged using said f^^^ 
rgdp. This might be when the component parts together , 

7oZ a Fab fragment or, more usually, when each said sbp 
member displayed at the surface of an rgdp xs an scFv 

10 antibody fragment. ^^^^^ 
in one embodiment, each said second polypeptide 
Chain component part or population thereof may be 
expressed from nucleic acid separate from nucle.c acid ^ 
from Which said first polypeptide chain component part 

15 population thereof is expressed. The nucleic acxd 

Loding the first polypeptide chain component part may 
be on the same expression vector as the nucleic acxd 
encoding the second polypeptide chain component part, but 
::p.rate from it so that, for example, Kab ^"gm«.ts - 

20 produced. Alternatively, the nucleic, acid encoding the 
first polypeptide chain component part may be on a 
different expression vector from the nucleic acxd whxc^ 
encodes a second polypeptide chain component part 
a first and second polypeptide chain component part are 
2S both encoded on the same expression vector then they may 
be expressed as SCFV fragments. Where a VH domain is 

joined to a VL domain by a polypeptide linlcer, so that 

each SCFV is a single polypeptide chaxn. 

Each sbp member displayed at the surface of an rgdp. 

30 is an Fab antibody fragment. 

The nucleic acid may be derived from, e.g. 
rearranged V genes of, an unimmunised mammal, for example 
a mouse, rat, rabbit, sheep, pig, horse, goal:, dog or 
human. Preferably the species of mammal is human, since 
35 Tls most difficult to obtain antibodies which recognise 
fi e. bind specifically) human self antigens- 

The nucleic acid may be derived from a library 
prepared by artificial or synthetic recombination of V- 
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gene segments, which may be gerro-line V-gene sequences. 
The library may be totally synthetic. 

Sbp members selected in (b) displayed at the surface 
of rgdps may be selected or screened to provide an 
5 individual sbp member or a mixed population of said sbp 
members associated in their respective rgdps with nucleic 
acid encoding said sbp member or a polypeptide chain 
thereof. Rgdp phage displaying sbp members selected in 
(b) may be grown to increase their numbers before any 
10 subsequent further selection or screening. Nucleic acid 
which encodes a selected or screened sbp member and which 
is derived from an rgdp which displays at its surface a 
selected or screened sbp member may be used to express an 
sbp member or a fragment of derivative thereof in a 
15 recombinant host organism. 

The present invention encompasses any method wherein 
nucleic acid from one or more rgdps selected from the 
library by binding with a self antigen is taken and used 
to provide encoding nucleic acid in a further method 
20 (according to any embodiment of the present invention or 
not) to obtain an individual sbp member or a mixed 
population of sbp members, or encoding nucleic acid 
therefor. 

The expression end product, selected sbp member, may 
25 be modified to produce a derivative thereof. 

The expression end product or derivative thereof may 
be used to prepare a therapeutic or prophylactic 
medicament or a diagnostic product. 

The present invention also encompasses antibody 
30 fragments, derivatives thereof, including whole 

antibodies and fusions with enzymes, obtained using any 
method described herein according to the present 
invention. 

According to an aspect of the present invention, 
35 there is provided use, in any method according to any 

embodiment of the present invention described herein, of 
a kit comprising a library of vectors each comprising 
nucleic acid which is capable of being packaged in rgdps 
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and which encodes a polypeptide chain component part of 
an antibody for display at the surface of rgdps. • 

There is also provided by the present invention use, 
in any method according to any embodiment of the present 
invention described herein, of a kit comprising a library 
of rgdps each containing nucleic acid encoding at least • 
one polypeptide chain component part of an antibody. , 

The present invention provides generally a method 
for producing a replicable genetic display package 
(rgdps) or population of such rgdps, which method 
comprises the steps of: 

(a) inserting a nucleotide sequence encoding a 
binding molecule which is a member of a specific binding 
pair and an anti-self antibody, within a viral genomer 

(b) culturing the virus containing said nucleotide 
sequence so that said binding molecule is expressed and 
displayed by the virus at its surface. 

The present invention also provides a method for 
selecting a rgdp specific for a particular self-antigen 

>0 epitope which comprises producing a population of such 
rgdps and the additional step of selecting for said 
binding molecule which is an anti-self antibody by 
contacting the population with said epitope so th^^ 
individual rgdps with the desired specificity may bxnd to 

Z5 said epitope. The method may comprise one or more of the 
additional steps of: (i) separating any bound rgdps from 
the epitope; (ii) recovering any separated rgdps and 
(iii) using the inserted nucleotide sequences from any 
separated rgdps in a recombinant system to produce the 

30 binding molecule separate from the virus. 

step may isolate the nucleotide sequence encoding the 
binding molecule of desired specificity, by virtue of 
said binding molecule being expressed in association with 
the surface of the virus in which said encoding nuclexc 

35 acid is contained. 

The present invention also provides a method of 
producing a multimerfc member of a specific binding pair 
. (Sbp) which is an anti-self antibody, which method 
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expressing in a recombinant host organism a first 
polypeptide chain of said sbp member or a genetically 
diverse population of said sbp member fused to a 
5 component of a secreted replicable genetic display 

package (rgdp) which thereby displays said polypeptide at 
the surface of the package, and expressing in a 
recombinant host organism a second polypeptide chain of 
said raultimer and causing or allowing the polypeptide 

10 chains come together to form said multimer as part of 

said rgdp at least one of said polypeptide chains being 
expressed from nucleic acid that is capable of being 
packaged using said component therefor, whereby the 
genetic material of each said rgdp encodes a said 

15 polypeptide chain. 

Both said chains may be expressed in the same host 
organism . 

The first and second chains of said multimer may be 
expressed as separate chains from a single vector 
20 containing their respective nucleic acld- 

At least one of said polypeptide chains (or 
polypeptide chain component parts) may be expressed from 
a phage vector. 

At least one of said polypeptide chains may be 
25 expressed from a phagemid vector, the method including 
using a helper phage, or a plasmid expressing 
complementing phage genes, to help package said phagemid 
genome, and said component of the rgdp is a capsid 
protein therefor. The capsid protein may be absent, 
30 defective or conditionally defective in the helper phage. 

The method may comprise introducing a vector capable 
of expressing said first polypeptide chain, into a host 
organism which expresses said second polypeptide chain in 
free form, or introducing a vector capable of expressing 
35 said second polypeptide in free form into a host organism 
which expresses said first polypeptide chain- 
Each of the polypeptide chain may be expressed from 
nucleic acid which is capable of being packaged as a rgdp 
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using said component fusion produot. w^exeby encoding 
^cllc acid for both said polypeptide chains are 
oadcaged in respective rgdps. 

L fusions »y be expressed in the absence of the 
5 rgdp display component, perhaps capsid. expressed in 

w±ld-t:vp© form* 

^ capsid protein may be absent, defectxve or 

conditionally defective in the helper P^^-' 

The host cell may be a nuxtator strain whxch 

^^.-r^ diversity into the sbp member nucleic 
10 introduces genetic diver sit^ -^ti*. 

acid. ^ w » 

The rgdp ~.y be a bacteriophage, the host a 
bacterium, and said component of the rgdp a capsid 
protein for the bacterophage. The phage may be a 

i5 filamentous phage. ^''^^ ''^ '^"^l^'ZZ. 

Class 1 Phages fd. H13. £1. «!. "e, za/z, Tf and the 
Class II Phages xf , P£I and Pf3. The phage may be f d or 
I eerivative of fd. The derivative may be 
resistant. The said sbp member or polypeptide Chain 

.0 SIreof may be expressed as a fusion vith *e g^ne^ 
capsid protein of phage fd or its ■=°'»^7="^^" 
filamentous phage. The sbp member or ^^^^^^'^ 
thereof may be inserted in the N-terminal --9^°" 
^ture capsid protein downstream of a secretory leader 

,5 Iptide. The sequence may be inserted after amino add 
n of the mature protein. The site for insertion may be 
flanted by short sequences corresponding to sequences 
„hich occur at each end of the nucleic acid to be 

inserted. 

30 The host may be E.coli. 

Huoleic acid encoding sbp member polypept.de may 
be linked downstream to a viral capsid protein through a 
suppresslble trM^latlonal stop codon. so that under 
::Srtions .here the stop is supressed 

35 are produced comprising sbp member ^ jt"' 

SsL protein, .hile under non-supresslng conditions 
free form sbp member polypeptides are produced. 

SelectlL. systems and assay formats are discussed 
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elsewhere in this text. In these systems and formats, 
the gene sequence encoding the binding molecule (eg. the 
antibody) of desired specificity is separated from a 
general population of rgdps having a range of specifies, 
by the fact of its binding to a specific target (eg the 
antigen or epitope). Thus the rgdps formed by said 
expression may be selected or screened to provide an 
individual sbp member or a selected mixed population of 
said sbp members associated in their respective rgdps 
with nucleic acid encoding said sbp member or a 
polypeptide chain thereof. The rgdps may be selected by 
affinity with a member complementary to said sbp member. 

Any rgdps bound to said second member may be 
recovered by washing with an eluant. The washing 
15 conditions may be varied in order to obtain rgdps with, ^ 
different binding affinities for said epitope. 
Alternatively, to obtain eg high affinity rgdps, the 
complementary member (eg an epitope) may be presented to 
the population of rgdps (eg pAbs) already bound to a 
20 binding member in which case pAbs with a higher affinity 
for the epitope will displace the already bound binding 
member. Thus the eluant may contain a molecule which 
competes with said rgdp for binding to the complementary 
sbp member. The rgdp may be applied to said 
25 complementary sbp member in the presence of a molecule 
which competes with said package for binding to said 
complementary sbp member. Nucleic acid derived from a 
selected or screened rgdp may be used to express said sbp 
member or a fragment or derivative thereof in a 
recombinant host organism. Nucleic acid from one or more 
rgdps may be taken and used to provide encoding nucleic 
acid in a further said method to obtain an individual sbp 
member or a mixed population of sbp members, or encoding 
nucleic acid therefor. The expression end product may be 
modified to produce a derivative thereof. 

A preferred source for the generation of diverse 
libraries from unimmunised humans is IgM mRNA. It is was 
found in example 43 of W09 2/01047 that antibody fragments 
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directed against turkey egg lyscyme and 
2-phenyl-5-oxazolone were much more readxly xsolated 
a Phage library derived from the IgM mRNA from 
Lr:Lsed human donors, than from one prep-d 

!7_r»henvl-5-oxazoLone binding 
mRNA. Furthermore, no 2-phenyx o o 

ivi K<» <c!r«iated firom a library or 
antibody fragments could be Isolated trom 

2000000 phage antibody clones prepared from IgGmRNA 
unlmmunised mice (T.Clackson et al. Nature 352 
524-62a.l991). Examples 1 to 3 of thxs aPP^-^^^^ f °^ 
the isolation of antibodies specific for self antigen 
from the IgK library. Although in ^^^^ f^^"-^',^ 
antiself specificities have been selected as single chain 
Fv fragments in a single replicon format, antibody 
specificities could be selected as Fab ^-^-^^^^^^ 
sLgle replicon format or in a dual combxnatorxal dual 
replicon format (Hoogenboom et al, 1991 supra) for 
instance using recombination with the loxP system 

"~Ti:::;ies may be prepared which are enriched 
for antibodies directed against self. B l^P^°°f 
^press surface XgM and surface XgD before stimulation 
wlL antigen but express little soluble IgM or IgD. 
These unstimulated cells are more likely to contain 
antibody genes with anti-self specificities. In 
contrast, terminally differentiated pla^a cells which 
secrete soluble antibodies express little surface 
i^unoglobulin. The preparation of cDNA 
library preparation using primers which are specific for 
^JZ igM or surface IgD will produce a repertoire of 
^i^ody genes enriched for the naive, "^-^f 
encoding V domains. In B lymphocytes which have been 
functionally silenced by exposure to self 
greatly reduced levels of surface IgM but -changed 
levels of surface IgD (C.C.Goodnow et al. supra). Hence, 
a primer specific for surface IgD may be particularly 
suitable £oT isolation of anti-self antibodies 

However, as demonstrated in this ^PP^^^-^^' /^^^ 
^ from unselected peripheral blood lymphocytes xs 
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preferred source of V genes for antiself specificities. 
Other sources of such anti-self antibodies may be fetal 
mRNA or cord blood mRNA (P.M.Lydyard et al Scand J 

Inununol 31 33-43, 1990). 
5 There Is the potential for making repertoires for 

phage display using the original combination of VH .and VL 
domains by the use of PGR and linkage of the genes 
encoding them within cells expressing these domains. The 
principle of 'In cell PGR' , where the original VH/VL 
10 pairing is maintained, was demonstrated in PCT/GB92/01483 
and described in Embleton et al in Nucleic Acids Res., 
20, 3831-3837, 1992. This may be particularly useful if 
lymphocytes can be selected at a stage before the 
deletion of clones expressing anti-self antibodies. 
15 m one embodiment of this invention, V gene 

sequences, or even libraries prepared by the synthetic 
recombination of V, D and J segments may be used. These 
act as a rich source of anti-self antibodies. In 
examples 5 to 7, we demonstrate that anti-self 
20 specificities against TNF, human anti-rhesus D antibody 
(OAKS) and human thyroglobulin can be isolated from a 
phage antibody library prepared by the synthetic Joining 
of V. D and J segments. The use of germ line V genes for 
this purpose, as shown in examples 5 to 7, should be 
25 valuable for the isolation of anti-self antibodies as 
there is some evidence that B lymphocytes directed 
against soluble self antigens are functionally silenced 
and those directed -against multivalent membrane bound 
self antigen are eliminated (S.B.Hartley et al supra; 
30 D.M.Russell et al, supra). Thus, the use of synthetic 
libraries made by VH, DH, JH or VK,JK or VL,JL 
recombination in vitro or its equivalent may be 
particularly advantageous for isolation of antibodies 
directed against multivalent membrane bound self 

35 antigens. 

In examples 5 to 7 we have used synthetic VH CDR3 
segments incorporating sequences of random bases at the 
■ V-D-J joining region and linked them to germ line VH gene 
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n«.«: strategies may be used such as making 

al. Nature 342 877-893, > ^ ^ j 

The qerm line naxui^ts u-i- 

alterations to th. se^ence or^ , 

somatically -.tat.. V jene ^^.^J" 
«™ple. 5 to 7 has tha advant^^e ^ th. P 

p„s^ly evolved for -^'^"^J^ ^ «all suited to 
aietrl.utlo„ and range o. .IM^n, sl«s^«^ 

regions and first «° antibodies are 

and lljht chalne of the individuals. 
liKely to be identical in many i^^nogenic 
such synthetic human antibodies could be 
20 than entirely artificial « «>e , 

A further but less preferred alter ^^^^ 

a^ natural and synthetic ^^^^ ^^;^'Zs,.^ cn 
- to prepare random mutagenesi ^^^^^^ 

. r:.:S;ra:S:sri: I^ttgan specificities fr. these. 

SELECTION 

individual rgdps ^ ^-^l^^^^ZT 

■ -=^"'=^rcrc::::s»rs::^ing techm^es ,e.g. 

TT ot al 1990. J. Immunol- metn. i£o f 

--"::'a:pSoi;s - r-^rtr^^a 

..chnl^as that are ^-^^^.r::rilne of some 
^= ^X^oZT^ rilLtrated In .Igure S using 
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be generated from immunised or other animals; or be 
created in vitro by mutagenising pre-existing phage 
antibodies (using techni«r:es well-known in the art such 
as Oligonucleotide directed mutagenesis (Sambroolc, 
al 1989 Molecular Cloning a Laboratory Manual, Cold 
spring Harbor Laboratory Press) but are preferably 
derived from unimmunised humans or artificial 
recombination of human V segments, as described 
elsewhere. This population can be screened in one or . 
„«re of the formats described below with reference to 
Figure 5, to derive those individual pAbs whose antxgen 
binding properties are different from sample c. 

Binding Elution 

Figure 5(i) shows antigen (ag) bound to a solid 
surface (s) the solid surface (s) may be provided by a . , 
Petri dish, chromatography beads, magnetic beads and the 
liKe. The population/library of pAbs is then passed over 

ag, and those individuals p that bind are retained 
after washing, and optionally detected with ^^^^^^-^^ 
system d. A detection system based upon anti-fd antisera 
TayTe used (see, for instance. Example 4 of WO92/01047). 
If samples of bound population p are removed under 
increasingly stringent conditions, the binding affinity 
represented in each sample will increase. Conditions of 
increased stringency can be obtained, for example, by 
increasing the time of soaking or changing the pH of the 
soak solution, etc. 

^^^^^ing to figure 5(ii) antigen ag can be bound to 
a solid support s and bound to saturation by ^^^^^^ 
binding molecule c. If a population of mutant pAb (or a 
set of unrelated pAbs) is offered to the complex, only 
those that have higher affinity for antigen ag than c • 
will bind, in most examples, only a minority of 
i population c will be displaced by individuals from 

^ulation p. If c is a traditional antibody molecule 
Z bound material can be recovered and bound p recovered 
by infecting suitable bacteria and/or by use of standard 
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techniques such as PGR. ^ ^ 

^ advantageous application is where - 

.ecep.o. an. c .he ^^^^ r^;^^^^^ to .he 

hound populat:ion p xs t:hen related 
5 receptor binding site/and or Ixgand. ThiS type 
' s^Sficity is Known to he very useful xn the 

pharntaceutical industry. ^^^^^ ,g is an 

Another advantageous application i ^ 

^'^^^ THe recovered bouna 

luLous us^ in research and the di.gno=tic.nd 
^"-^"^"J-Zrinr^icu^ » select directly for 

- rihra:;.trris ::rCrr— e on ..r 

— * To r a"^:: thorns; or ho^h c and p 

However, xf c is a pAO, t:i 

~rsei::t"::r:o:LTovrrnnrr ^= 

. ZZ^ rrical. .or e..^-- - o^ ^ 

With biotin; or more advantageously, ^enetxc^ 

K« marked with an EcoB restrxction sxte, 
example, c can be marked wxth ^^^^0^ site (see 

p can be ^.»d ^_ ^^3^.^3,. 

ttcl;; elutU £ro» the antigen and used to 
30 When bound P« are elute ^„i„tioh (and thus 

lofect suitable „stricting 

» growth, Of P°P-^«^- = phage that grew, would be 

bacteria in this example). Any pnag 

^3tly enriched for ^.^rKiL 

Ta^ b: u^^ to specifically a^lify P - 

using PCR- 



wo 93/11236 



PCT/GB92/02240 



21 



Slm=e the bound pM.s can be ^plifled using for 
„»ple PCR or bact^ial infection. It is also possible 
„ rLcue the desired specificity even when in^""-"" 
individuals are bound to alio, detection via conventional 

5 techniques. 

The preferred method for selection of a phage 
displaying a protein molecule with a desired specificity 

a fLty «ill Often be elation from an affinity matrix 
With a ligand. Thus, self antigen or fragments thereof . 
0 may be used to elute specific phage antibodies from self 
antigen bound to a matrix. Alternatively, the homologous 
antigen from a different species may be bound to a 
matrix, a phage antibody library bound, and phage 
antibodies specific for the self antigen may be eluted 
L5 using self antigen. For instance, a bovine antigen may. 
be bound to the matrix, a human phage antibody Ixbrary 
bound and human antigen used for elution. Antxself 
antibodies thus isolated will be specific for epitopes 
shared between the bovine and human antigens. A further 
20 but less preferred alternative may be to bind the phage 
non-specifically to a column and elute with self antxgen. 
Por instance, if a Fab phage library is bound to an ant.- 
Fab affinity column, it may be washed at a pH whxch does 
not elute non-specific phage and then washed with 
25 solution which is the same except it contains self 

antigen, eluting by virtue of the higher affinity for the 
nubile phase of phage expressing antibodies against the 

self ant:igen. 

For each of these formats elution with xncreas.ng 

30 concentrations of ligand should elute phage displaying 

binding molecules of increasing affinity. However, when 
eg a pAb binds to its antigen with high affinity or 
avidity (or another protein to its binding " 
„ay not be possible to elute the pAb from an affinity 

35 matrix with molecule related to the antigen. 

Alternatively, there may be no suitable specific eluting 
„,olecule that can be prepared in sufficiently high 
concentration. In these cases it is necessary to use an 
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antibody complex. some u .^v^^ni-v for 

5 (Bosso^o. E.F. a eg antibodies 

„es,. disrupted »«hout . 

and affinity ""^''^^ In these oases a 

-Pl-ely fj:,rSr4liSc. does n« relv 

nsthod is required to interaction. A 

,0 disruption of eg exution of 

"^""d^rs :rTxdt:^-» .reduction of a dithioX 

TrT »^ d:^"^— > ■ 

^c«re (-=»Ple °/^~u;e^-,,„..^ „f the phage 
IS The method of «ad elutxon us 

— ^ popuiation — "l^Xwashing to . 
« .^ptavidin »agne«o h^s^ ^^^^ 

^ lis » gi« a selected phage 

„d used to ^'"/^ J^^^ ,ond het«een the 

" mrr=::igen ..Xecuxe ailo^ »ii. eiution ^th 

rt:::tLeitoi. -—rtr^nrxa^atigen 

inrThrattrte:: rclncentration eguivaXent to 

antibody binding. tw.s bu* ^.^^ ,r e Hawkins, S.J- 

* v.<«h B*£inity antibodies (R.fc- »awn_.. 
sexection of high '"^"^^ ^ 33,.a,6, 1592). 

B^seXX and G. Winter J.«ol.Biol^ 

„tihodies ^y axso be "^^^^^L^^ ^ 
30 antigen selection ^^J-J^^xated antigen 
" "I^lv TrSuced to SeXect higher affinity phage 
"'^^^s ATaTaXtemative, the phage »>tihody »y he 
antibodies. As an a ,^,_„ i„ order that phage 



390, 1990). 
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This elution procedure is just one example of an 
elution procedure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 
sequence encoding amino acids constituting a recognition 
site for cleavage by a highly specific protease between 
the foreign gene inserted, in this instance a gene for an 
antibody fragment, and the sequence of the remainder of 
gene ill. Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an . 
affinity matrix and elution to remove non-specifo-C 
binding phage and weak binding phage, the strongly bound 
phage would be removed by washing the column with 
protease under conditions suitable for digestion at the 
cleavage site. This would cleave the antibody fragment 
15 from the phage particle eluting the phage. These phage 
would be expected to be infective, since the only 
protease site should be the one specifically introduced. 
Strongly binding phage could then be recovered by 
infecting eg. E.coli TGI cells. 
20 An alternative procedure to the above is to take the 

affinity matrix which has retained the strongly bound pAb 
and extract the DNA, for example by boiling in SDS 
solution. Extracted DNA can then be used to directly 
transform E.coli host cells or alternatively the antibody 
25 encoding sequences can be amplified, for example using 

PGR with suitable primers such as those disclosed herein, 
and then inserted into a vector for expression as a 
soluble antibody for further study or a pAb for further 
rounds of selection. 

Another preferred method for selection according to 
affinity would be by binding to an affinity matrix 
containing low amounts of ligand. 

If one wishes to select from a population of phages 
displaying a protein molecule with a high affinity for 
its ligand, a preferred strategy is to bind a population 
of phage to an affinity matrix which contains a low 
amount of ligand. There is competition between phage, 
displaying high affinity and low affinity proteins, for 
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high .Linlty pr«ein Is P"^— ^^tt 
affinity protein is washed a»sr. The high 
^^^teiTi^ then recovered hy eXution with ^ lig»-> ot 
S by other prooedures which elute the phage fro- the 

affinity .atrix (E»a„ple 35 Of W092/01047 deaonstrates 

this procednre). ^^^^^ 

In summary then, ror recovej-x 
fro. the affinity step, the paC^ge can ^ ^'^J 
iO it can he eXuted in the presence of a ^^^^^^ , 

-e-ber Which jrTe'^^t^-- 
complementary shp member; it could be renov » 
it could be removed by proteolytic cleavage of the 
protein; and other methods will he apparent " ««^* 
15 sKilled in the art eg. destroying the lin. 

substrate and complementary sbp member to -'^^J'^ 
pac«ged D» and sbp member. At any ^ 
. L « Obtain the DHA from the paC^ge so that « ^be 
used directly or indirectly, to e«.ress the sbp -ember 

" ^J^.^ Of this selection procedure for p^ 
and the ability to create very large libraries mea^that 
«,e immunisation techniT-es developed to increase ^ 
proportion of screened cells producing -tibodies of 

25 interest Will not be an absolute reguirement. Ih. 

technique allows the rapid isolation of binding 

^fLties eg antigen-hi^a ''^'^"^'^Z'JT^ 
Zos. that would be difficult or even unobtainable by 

conventional technigues. for e».ple. ^J-'if " "^^^^^ 
30 idiotyp^ antibodies. ^^^'^^^^ T^ 
is now possible, once a complete library or 
repertoire has been constructed. 

,^,.^.-Mnns of --^-.K^^,-.. to self ^itigeos 

Human antibodies to cell surface components The 
isolation Of such antibody specificities would be 
particularly useful for preparing agents whxch mediate 
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cell killing for instance of cancer cells, for example 
using the natural effector function of antibodies. 
Anti-self antibodies may also be valuable in the 
preparation of diagnostic in vivo imaging reagents, for 
5 instance using radioisotopes. 

Antibodies directed against cell surface components 
of specific T-Qell subsets could be used therapeutically 
(D.Wraith et al Cell 57 709-715,1989; L.Steinman and 
R.Mantegazza FASEB J. 4 2726-2731,1990), for instance to 
10 prevent T cell action causing rheumatoid arthritis. 

Holies modifyjnr y ^he function of self molecules 
Antibodies can be isolated which modify the action 
of self molecules such as hormones, growth factors and 
15 receptors through their binding to a specific epitope on . 
the molecule. Multifunctional proteins may have both 
desirable and undesirable characteristics, particularly 
.if they are used therapeutically. For instance, the 
lymphokine TNF (tumour necrosis factor) binds to, at 
20 least two different classes of cell receptors- one 

commonly found on vascular endothelial cells, the other 
commonly found on tumour cells. A mouse antibody to TNF 
has been made which prevents TNF from binding to 
endothelial cell receptors while still allowing it to 
25 bind to tumour cells thus allowing attack on the tumours 
without toxic side effects mediated through endothelial 
cells (Patent application PCT/AU90/00337 ) . For 
therapeutic use of antibody modifiers of hormone or 
growth factor molecules, it would be preferable to have a 
30 human antibody specificity isolated directly through 
selection from a phage library. 

H.iman anti-id iotypes 

Anti-idlotype antibodies (antibodies directed 
35 against the antigen combining sites formed by the 

variable domains of human antibodies) are conventionally 
made by isolating an antibody against an antigen and then 
using this isolated antibody as an immunogen to raise 
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3„^^s airecea against «. If *e original .n.l«*r 
n «rec«d apai^st a honnone or ^ ^^'JZ sites 
Utionship be«e« antigen and antibody -*ini^^ 

that the antl-ldiotype may mlinio in some aspects 
r^hT^for ^o.th .aotor and hind to th. reoeptor 
for these molecules. However, the fraction of 
Lti-idict^ .antihodies ahle to mimic ^""^ °J 
^1,. receotor would he expected to be smell. 

.ean that using the conventional route to antiidiotypes 

would be difficult for the isolation of 

anti-idiotype antibodies ^imiCing molecules bxnding 

nun^an receptors. In this application we 

antibodies directed against the antigen combxning sites 

Srefby the variable domains of human antibodies may be 

re:: ^isolated fro. phage antibody 

as Shown in examples 1 and and it ^ 

possible to identify the anti-idiotypxc -t^bodies 

mimicking the binding of the hormone directly by 

screening for binding to the receptor. 

^.tl-idiotypes may also be useful for 
of autoimmune disease. They could be used to bind 
circulating autoantibodies. However, it may be 
preferable to attack directly antibody producxng cells 
preieracx w^o^en^flc antibody directed against 

for instance using a bispecific antiooay 
a cell surface marker as well as an anti-xdiotype 
specificity. Alternatively, P^--^^^^^^^;/, 
to remove circulating antibody and the cells treated 

directly. 
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..■ ,.t<hodies anninst receptor. Mookina or 

3„tioodies that bind to receptors. 

• „t,gcnising ligand fu»^on could he -^-^^/"^^ 
^ a phage library displaying antibodies derived from 

35 an unlmmunised donor. 

H,2sn-£ibod^^ 

Antibodies directed against the major 
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histocompatibility complex proteins could be used to 
treat patients following transplants, or organs prior to 
transplantation, in order to prevent rejection. 
Antibodies directed against several lymphocyte cell 
surface markers have been used for the prevention of 
rejection in transplants e.g. CD45, CD3, CD4, CDS and 
interleukln-2 receptor. Example 3 shows that human 
antibodies against CD4 can be directly isolated from 
phage display libraries. 



Htiman antibodies against cytokines 

Human antibodies against cytokines would be valuable 
for treatment of human disease, for example of septic 
shock with anti-TNF and anti-interleukin 1 antibodies. 

15 Examples 1 and 6 show that human antibodies against TNF 
can be isolated directly from phage antibody libraries 
derived from uniromunised humans or the synthetic 
recombination of V,D and J fragments. In many cases 
these cytokine molecules are strongly conserved between 

20 species, for Instance transforming growth factor- p 
(TGF-p), and it has proved difficult to isolate 
antibodies directed against the human molecule even in 
mice. The isolation of human anti-self antibodies as 
described in this invention provides a method of 

25 obtaining human antibodies with such a specificity. 

Human antibodies for diagnosis and treatment of cardiac 
disorders 

Human antibodies against clot components e.g. 
30 fibrin, would be useful for imaging clots when labelled 
with radioactivity or for dissolving clots, if for 
example linked to a clot dissolving enzyme such as 
urokinase . 

35 Antibodies trigger ing receptor function 

Antibodies may be selected that bind to a cell 
receptor and trigger a biological response in the cell. 
This is described in more detail below and in Example 8 
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w , c.r^i«i-tnn of such an1:ibodies* 

speoifiolties are tested alone, or in co«d 

the ^ch t.e 

^,\r ex»«,le hor«ne, growth factor, . 
0 binding of a llgand. for examp exa»ple the 

or peptide triggers a biologic! e«nt. ^^^^^^^ 
^l^tlon of tyrosine Kinase -^^J'^^^^f, Jblndlng^ 

- :rr :Tl.rd reTep or with oonser^d 

to cell receptor (or a rexarea rei- t» 

^ «„rface such as from another species), for 

using soluble receptor l-oblllsed on solid ph^, 
rsl4 ao-alns or peptide epitope, ',1^^^^^^^^ 
Ideally the receptor would be provided in 
,0 for, (as regulred for Its "^^gerlng)^ ^ 

„.,,enng ™rtrJl^."fTrotelns or 
:ri:;"rL::r:n the neurotran^lt^r-gated 
^-nrs the five subunits that are arranged 
.3 — Cln .^a^^^ rrr:^:^ tter 

pathway down -'-^^^-.^^rtf the central Ion channel 

:r^^e^« ™ - =-"-*%rr= 

!I^o^" transition. For tyrosine Kinase receptors, 
an allosterlc t „oeptor ollgomerlsatlon. 

r ".!SL2r:^trbi^« spellfldtles directed 
rin^T:rptor nave the pot«.tlal " " 

- --r^i:ira:rbrircr=-^.ants«ayhe 
.ncaient ---^rrbrrirrit: - 

fragments or Fab fragments,, 
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example, Fabz or complete antibody fragments. The 
bivalency could also be promoted in other ways, for 
example ( 1) by encoding a tag, such as a peptide or 
protein (for example, the subunit of a dimeric protein) 
5 that self associates, at the N or C- terminus of the 
monomeric fragment, (2) using a bivalent antibody that 
binds to the monovalent fragment, for example, to a 
common C-terminal tag, or to an antibody constant domain 
(3) chemical cross-linking. 
10 Bispecific antibody or bispecific fragments could 

also be made as for the bivalent fragments. (For 
expression of the bispecific antibody or fragment in the 
same cell, the genes encoding both specificities would 
need to be introduced together). The different antibody 
15 "arms- could be directed against the same receptor, for 
example to different epitopes, or to two different 
receptors (to trigger hybrid receptors). 

The direct isolation of anti-self antibodies from 
phage libraries as described in this invention is 
important to allow a large number of antibodies to be 
surveyed for these triggering receptors. 

It is appropriate to distinguish the making of 
antibodies to trigger receptors as is described here and 
provided as an aspect of the present invention from the 
"anti-idiotypic route" in which specific antibodies 
raised in an animal, including man, by vaccinating the 
said animal with a specific antigen are themselves used 
to vaccinate another animal, new antibodies termed anti- 
idiotypic antibodies (Anti-Ids) being produced able to 
recognise and bind to the first set of antibodies. Some 
species of these Anti-Ids are able to mimic the specific 
biological properties of the original antigen. If for 
example, the antigen were a peptide hormone or a cell 
receptor, the Anti-Id to the hormone or cell receptor 
antigen is able to elicit a response of the cell (See 
Gaulton, G.N. and Greane, M.I., 1986. Idiotypic mimicry 
of biological receptors. Ann. Rev. Immunol. 4.253-280; 
Sege, K. and Peterson, P.A. , 1978. Use of anti- 
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15 



idiotypic antibodies as cell surface receptor probes. 
Proc. Natl. Acad. Sci. Usa. 75, 2443-2447 for examples). 

The essence of current teaching of Anti-Ids as 
.in^cs of antigens is that they are produced as a result 
of constructing antibodies to antibodies of the orxginal 
antigen. There is however, some controversy over whether 
such anti-idiotypes accurately mimic the original antigen 
(S J. Davis at al Nature 358 76-79, 1992). 

There is therefore a clear distinction between 
antibodies prepared by an anti-idiotypic route that mimic 
antigens such as growth factors or hormones, and 
antibodies that are made directly to the receptors to 
trigger the receptors. The antibodies derived by an 
anti-idiotypic route require the antigen (hormone, growth 
factor) and will bind to the same epitope on the receptor 
as the hormone, while the antibodies derived by binding 
to the receptors need not bind to the same epitope to 
inxLgger the receptor. Indeed such antibodies need not 
mimic a known hormone or growth factor, as their 
specificity, or binding to receptor (characterised as 
epitope, on-rate or off-rate) or blood clearance is 
likely to differ. The process for making the antibodxes 
is also quite different. Anti-idiotypic antibodies are 
made classically by immunisation of animals, although 
they can be isolated directly from phage display 
libraries as described above. Antibodies directed 
against self receptors are made by selection from v-gene 
libraries (as described above )- 

AS well as the advantages over the anti -idiotypic 
route, the antibodies derived directly by receptor 
binding may even have advantages over the natural hormone 
or growth factor. Thus receptors that are defective for 
binding of the natural hormone or growth factor (for 
example in a genetic disease), may be triggered by an 
35 antibody binding at a different epitope. 

As therapeutic agents the various isotypes of 
antibodies or fragments of antibodies carrying the 
variable regions responsible for the specificity of the 
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molecule have a number of properties having advantages 
over the bioactive moiety they mimic. For example, 
unlike the natural hormones their half-life in 
circulation can be modified readily. Depending on the 
5 antibody isotype or fragment chosen, they have half-lives 
in circulation in a patient ranging from minutes to 
several weeks. If long term usage or short term 
clearance is required this can easily be accommodated by 
choosing the appropriate antibody isotype without need to 
10 use slow release devices as implants, or continuous 
intravenous infusion, etc. 

Furthermore, many hormones or tissue growth factors 
or antigens in general are functionally complex with 
different epitopes of each of the molecules having 
15 various specific functions. Clones of antibody mimics 
are monof unctional In this respect so could be used to 
produce one specific biological effect of a hormone 
without a second effect which latter effect may be 
disadvantageous to the patient. Thus the lymphokine TNF 
20 (tumour necrosis factor) binds to two different classes 
of cell receptors - one common on vascular endothelial 
cells, the other common on tumour cells. If the TNF is 
modified so that it cannot bind to the endothelial cell 
receptors but can still bind to tumour cell receptors, 
25 the tumours are attacked without at the same time 

inducing the very toxic side effects mediated through the 
vascular receptors. (This is described in Australian 
Patent Application PCT/AU90/00337 ) . An antibody mimic 
able to recognise the tumour cell receptor would be 
30 expected to be very specific and kill tumour cells 

without inducing toxic side effects mediated through the 
vascular endothelium since it would have no resemblance 
to the TNF epitope which binds to receptors on the 
latter. 

35 



wo 93/11236 



PCr/GB92/02240 



32 

TERMINOLOGY 



Much Of the terminology discussed in this section 
has been mentioned in the text where appropriate. 

5 

Self . ^ ■ 

A self antigen is an antigen or epitope which is 
capable of binding to an antigen binding site forced by 
antibody variable domain(s) and which is conserved 
10 between men^s of a species of animal and native to the 
body • 

The immune system tries to avoid making antibodies 
to self antigens, it has been suggested that (i) 
sequences of germ line V gene segments have been evolved 

15 under pressure to be directed towards foreign, e.g. 

pathogen, antigens and epitopes, and away from being able 
to provide antibodies which will bind self antigens, and 
(ii) that, in addition to this, immune tolerance causes 
those combinations of gene segments encoding anti-self 

20 antibody which do arise, to be deleted or anergised. 
consequently, there are not normally circulating 
antibodies against these antigens except in disease 
states eg autoimmune diseases. A self antigen may be 
one which does not vary between individuals of a species. 

25 A self antigen may be one for which there is normal 

allelic variation throughout a population. Immunisation 
of one individual in a species with a self antigen would 
not normally be expected to result in generation, or 
detection, of antibodies to the antigen, except perhaps 

30 when tolerance is deliberately broken. Antibodies to a 
self-antigen may only be present in an individual who is 
suffering from autoimmune disease. On the other hand, 
there are some self antigens to which circulating 
antibodies can be found in a sub-population of normal 

35 individuals of a species. 

A self antigen may be an antigen recognised by B- 
cell surface antibodies but not by antibodies which can 
be found circulating. It might not be possible to detect 
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or obtain circulating antibodies to a self antigen except 
perhaps when the individual is suffering from an 
autoimmune disease or syndrome. 

An anti-self antibody or antibody fragment is an 
5 antibody or fragment thereof which has binding 

specificity for a self antigen. It may recognise an 
epitope which, is found only on a self antigen, or it may 
be cross-reactive with an antigen which individuals of 
the species will recognise as foreign. The present 
10 invention is particularly well suited to the production 
and isolation of antibody fragments which bind only a 
self antigen. 

Specific Binding Pair 

15 This describes a pair of molecules (each being a 

member of a specific binding pair) which are naturally 
derived or synthetically produced. One of the pair of 
molecules, has an area on its surface, or a cavity which 
specifically binds to, and is therefore defined as 

20 complementary with a particular spatial and polar 

organisation of the other molecule, so that the pair have 
the property of binding specifically to each other. 
Examples of types of specific binding pairs are antigen- 
antibody, biotin-avidin, hormone-hormone receptor, 

25 receptor-ligand, enzyme-substrate, IgG-protein A. 

Multimeric Member 

This describes a first polypeptide which will 
associate with at least a second polypeptide, when the 

30 polypeptides are expressed in free form and/or expressed 
on the surface of a substrate. The substrate may be 
provided by a bacteriophage. Where there are two 
associated polypeptides, the associated polypeptide 
complex is a dimer, where there are three, a trimer etc. 

35 The dimer, trimer, multimer etc or the multimeric member 
may comprise a member of a specific binding pair. 

Example multimeric members are heavy domains based 
on an immunoglobulin molecule, light domains based on an 
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1. T-csll receptor subunits- 
j,„„^lobuUn molecule, T-oell rec p 

«ltn the 

- - — b. r L .art^le or 

enzyme or a receptor etc. bacteriophage such 

The particle may be a vxrus eg. a Da 



15 as f d or M13 



.escri.ee a repUcable ,e«tlc «eplay^PecK..e 
1„ ^ pertlcle IS .^pxej.-,^- ^^^^^ ^ 

„ specific binding pa^ ^J- 

, bacteriophage vhich display ^^^^^ , 

at its surface. This type of package h 
phage antibody (pAb). 

^= ^s describes an i^unoglobuU^----^-' 

auy ^^^^^J^iobulln binding do-ain. 

30 :r derived fro. n^^™- 

--L:;r»tiSrrieC:::iobulin i^typee 

^Ix Fv dAb, Fd fragments, 

and the Fab, F(abl)2. scFv. Fv. 
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inmiunoglobulin molecules. The domain contains two p- 
sheets and usually a conserved disulphide bond (see A.F. 
Williams and A.N. Barclay 1988 Ann. Rev Immunol. 6, 381- 
405). 

5 Example members of an immunoglobulin superfamily are 

CD4, platelet derived growth factor receptor (PDGFR). 
intercellular adhesion molecule. (ICAM). Except where 
the context otherwise dictates, reference to 
immunoglobulins and immunoglobulin homologs in this 
10 application Includes members of the immunoglobulin 
superfamily and homologs thereof. 

Homologs 

This term indicates polypeptides having the same or 
15 conserved residues at a corresponding position in their 
primary, secondary or tertiary structure. The term also 
extends to two or more nucleotide sequences encoding the 
homologous polypeptides - 

Example homologous peptides are the immunoglobulin 
20 isotypes and the TIM barrel enzymes. 



Functional 

in relation to a sbp member displayed on the surface 
of a rgdp, means that the sbp member is presented in a 
25 folded form in which its specific binding domain for its 
complementary sbp member is the same or closely analogous 
to its native configuration, whereby it exhibits similar 
specificity with respect to the complementary sbp member. 



30 



Genetically diverse population 

In connection with sbp members or polypeptide 
components thereof, this is referring not only to 
diversity that can exist in the natural population of 
35 cells or organisms, but also diversity that can be 
created by artificial mutation in vitro or in vivo. 

Mutation in vitro may for example, involve random 
mutagenesis using oligonucleotides having random 
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02/01047). The words -unique populatujn may Be " 
'a^ra pxuraxi^ of e, pol,pe.«.a ^insw-C are no. 

.enetically diverse, ie -^^^vre'^ut less so , 

«s«lotea population is one 

thatn the fuU repertoire o£ «. an»al or ^ 

ZZ^tio or o«»r»ise. The diversitir W have been 

Sr:Tp-r selection, e, usin, «>ti,en hindin, 

specificity- 

^ domain is a part o. a protein that is^olded ' 

and independently of other parts of the 
r,nr:rern a:^^"^^^--"- • oo^lementer, hindin. 
' . ,„,.,^ is a specific co^i^nation of a a- 

and foid^^^ts 

contain structures that bring together amino acids that 
ere not adjacent in the primary structure. 

descrihes the state o. a polypeptide which is 
not displayed by a repliceble genetic display paCage. 



25 Cnnd<1HonMlY Defective ^„^,^es a defective 

This describes a gene which expresses a 

or suppressing hosts respectively. 

Stematively. a gene may e^^ss a P«--"^<* " 
defective under one set of conditions, hut not under 
:::^^et. » e-a-ple is a gene with a t^perature 
35 sensitive mutation. 

'-''''^Z^:^:^^:^^^^^^^^^^^ the translation 
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of nucleotide sequences downstream of the codon under one 
set of conditions, but under another set of conditions 
translation ends at the codon. Example of suppressible 
translational stop codons are the amber, ochre and opal 
5 codons . 

Mutator Strain 

This is a host cell which has a genetic defect which 
causes DNA replicated within it to be mutated with 
10 respect to its parent DKA. Example mutator strains are 
NR9046mutD5 and NR9046 mut Tl (see Example 38 of 
W092/01047). 
Helper Phage 

This is a phage which is used to infect cells 
15 containing a defective phage genome and which functions 

to complement the defect. The defective phage genome can 
be a phagemid or a phage with some function encoding gene 
sequences removed. Examples of helper phages are M13K07, 
M13K07 gene III no. 3; and phage displaying or encoding 
20 a binding molecule fused to a capsid protein. 

Vector 

This is a DNA molecule, capable of replication in a 
host organism, into which a gene is inserted to construct 
25 a recombinant DNA molecule. 

Phage Vector 

This is a vector derived by modification of a phage 
genome, containing an origin of replication for a 
bacteriophage, but not one for a plasmld. 
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Phagemid Vector 

This is a vector derived by modification of a 
plasmid genome, containing an origin of replication for a 
bacteriophage as well as the plasmid origin of 
replication. 



Secreted 
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^».cribes a rgdp or molecule thai: associates 
Thxs aescrxbes a rg P ^^^^ i„ «Wch 

with the member of a sbp dxsplayea 

sbp member and/or the molecule, ^^^^^^ ^,3,,. 
package assembled externally to the cellular cyr 

^ I , , „ . , mrr - ^^^-^^aed Imm^H^gglobul^fLJSSg^ 

OK. se^ences which encoded -^--^X^^^^^-^ 
.enes in an animal^ se^ences ^ gen^a^^ J ^ 

10 in vivo rearrangement of eg v, u a . 

10 xn - the V and J segments for L chains. 

chains and eg the V ana „«„„^ai:ed from a cell 

Clones, ox a s»etl=olly .Iversa -"-^^ 

,^.=tldes or specific blndinB pexr members, or 
polypeptides, or .p displayed on rgdps 

, ~n«fl«a or sbp members which are oispi i 
C^:TJ^ -lected or screened « provide an 
i^vidual polypeptide or sbp member or a mixed 
population of polypeptides or sbp members. 

,5 seEertoireot«tif^UiiZJ^^ 

35 oligonucleotide synthesis. 

S^ES^-rs^i^^^S^^^^ ^ ^,i^3 joined to the N- 

This is a sequence of amino acids join 
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terminal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 

Eluant 

5 This is a solution used to breakdovm the linkage 

between two molecules. The linkage can be a non- 
covalent or covalent bond(&). The two molecules can be 
members of a sbp. 

10 Derivative 

This is a polypeptide which derived from another 
polypeptide which is encoded by the DNA within a 
selected rdgp. The derivative polypeptide may differ 
from the encoded polypeptide by the addition, deletion, 

15 substitution or insertion of amino acids, or by the 

linkage of other molecules to the encoded polypeptide. 
These changes may be made at the nucleotide or protein 
level. For example the encoded polypeptide may be a Fab 
fragment which is then linked to an Fc tail from another 

20 source. Alternatively markers such as enzymes, 
fluoresceins etc may be linked to e.g. Fab, scFv 
fragments . 



25 



BRIEF DESCRIPTION OF THE FIGURES 



Figure 1 shows an analysis by ELISA of the 
specificities of soluble single-chain Fvs (scFvs) 
isolated from the unimmunised library by selection on 
bovine thyroglobulin (upper panel), human TNFa (central 

30 panel), or the human mAb Fog-1 (gamma-1, kappa). 

Binding was determined by ELISA to a panel of proteins, 
as follows: 1 - plastic; 2 - hen egg trypsin inhibitor; 
3 - chymotrypsinogen A; 4 - hen egg ovalbumin; 
5 - keyhole limpet haemocyanin; 6 - bovine 

35 thyroglobulin; 7 - human TNFa; 8 - turkey egg-white 
lysozyme; 9 - horse heart cytochrome c; 10 - bovine 
serum albumin; 11 - mAb Fog-1. 
Fityire 2 shows an analysis by ELISA of the 
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specificities of soluble scFvs isola1:ed from the 
unimmunised library by selection on human 
carcinoembryonic antigen (CEA) (upper ^^^""^^^ 
peptide (Price et al., 1990, supra) 

5 LanCD4 (lower panel). ^^^^^"^ • 
HLISA to a panel of proteins, as follows: 1 - hen egg 
trypsin inhibitor; 2 - chymotrypsinogen A, 3 hen egg 
ovalbumin; 4 - keyhole limpet haemocyanin; 5 - CEA, 
6 - urine extract containing human polymorphic 

10 epithelial mucin (PEM); 7 - bovine thyroglobulin; 

T- hen egg-white lysozyme; 9 - bovine serum albumxn; 
10 - chicken gamma globulin coupled to 4-hydroxy-3- 

, ^-^o acid- 11 - human recombinant soluble 
nitrophenyl acetic acid, ix 



CD4. 



15 Figures show^ an ELISA to assay the binding of three 

;^;srisolated by selection on a human monoclonal 

« 1 / Ton kacoa) to a panel of human 
antibody Fog-1 (Igd. kappa j, w 

antibodies of varying isotype, as follows. 1 - Fog 1, 
2 . the Fv fragment of Hulysll; 3- Hulysll antxbody 
on fjnri kanpa); 4 - RegA (IgGl, kappa); FogC (IgG3, 

25 illu=tra«3 the .s«»a>ly of V„ genes ^ th. 

Figure 5 shows schematically .eiec 

;^7^i, Shows a blnalng/lutlOh system; 2 (ll shows 
^petition system (P - P*^-" "3 ' -"^en to whi^ 

«w •» «»m,ired- c - competitor population 
30 binding by pAb is required, c comp mastic 
e.g. antibody, pAb, ligand; s = substrate (e.g. plastic 
beads etc); d - detection system). 

The present invention is illustrated by the 

following examples. ----^^^^^^^^ 
35 mentioned in the text are listed in Table xv 
to IV are found after Example 8. 

E«„ple 1 shows the Isolation of antibodies airecte* 
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against human tumour necrosis f actor-a and a human 
monoclonal antibody from a phage library of single chain 
FV fragments derived from an unimmunized human. 

5 Example 2 shows the isolation of antibodies binding to 
human thyroglobulin from a phage library of single chain 
FV fragments derived from an unimmunized human. 

Example 3 shows the isolation of antibody fragments 
10 directed against the self antigens MUCl mucin, 

carcinoembryonic antigen (CEA) and recombinant soluble 
CD4 (rsCD4) from a phage display library of single chain 
FV fragments derived from an unimmunized human. 

Example 4 shows. the further characterization of selected 
anti-self antibody fragments by DNA sequencing and 
affinity determinations. 

Example 5 shows the creation of a synthetic human 
library using germ line VH segments. 

Example 6 shows the isolation of an antibody fragment 
binding to human tumour necrosis factor-a from a human 
germ line synthetic library. 

Example 7 shows the creation of a synthetic human 
library using human germ line VH segments containing VH 
CDR3 sequences of different lengths and isolation of 
Single chain Fv fragments binding to human thyroglobulin 
and a human monoclonal antibody. 

Example 8 shows the isolation of human antibodies 
directed against human interleukin-1 receptor molecules 
which trigger receptor function. 

Example 1 _ 

..^•.^...on nf antibody ^=^;^^ments dirPr.ted against self 
,.,..^..0 a libra ry »^ -'^^Fvs madp from unimmunized 
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blood donors 



either «rc •'^^"'^^^^ resulting 
aelated or as non-naturaliy ooo » 
10 fro. VH and « Chain reoo«bln>tlc». '^^ " 

IgG/k immunoglobxxlin. 
15 Methods 

^-^-^^^^^s .aa cona«.c»a «>e 
(W092/01047 example 42). to res«=u ^ « 

^9 X TY- AMP-GLU) and grown to an O.D. oi u 
ILL™ Five ^ Of this <»l»re «as used to ln««ulate 
; 2 X TV- AMP-GLU. 2 X lo' TO of delta gene 3 
^ 50^ °' ,3 " rm «O«/01047, »ere added and 
helper (M13 D gene II ^^^^^^ 

the culture -^^^ ,^„,es with shying. 

shaKlng "^^Zfl^ at 4000 r.p.m. tor 10 «ln. 
The culture was centrilugea a ty 

30 and the pellet -uspended^^ . ^ - ^ Jj^^ 

containing 100 ^/^ 7^^^^:,°::e^'as previously 
and qrown overnight. Pnage we« f 

^ilhea (MO92/O1047 exa»ple 42). M13 D gene III was 

prepared as *°"°"== ^t encode gene 

Qc M13 D gene III tieipei: P"oy 

^= 111 protein, hence ^ -^^^ r!^^- 

=r«r3 : rr ri/;::Sies are .de . growm. 
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the helper phage in cells harbouring a pUC19 derivative 
supplying the wild type glll protein during phage 
morphogenesis. The culture was incubated for 1 hour at 
37-C without shaking and then for a further hour at 37 C 
with shaking. Cells were spun down (lEC-Centra 8, 4000 
revs/mm for 10 min), resuspended in 300 ml 2 x TY broth 
containing lOOmg ampicillin/ml and 25mg kanatnycin/ml (2 . 
X TY- AMP-KAN) and grown overnight, shaking at 37*C. 
Phage particles were purified and concentrated from the 
culture medium by two PEG-precipitations (Sambrook et 
al., 1990), resuspended in 2 ml PBS and passed through a 
0.45nmi filter (Minisart NML; Sartorius) to give a final 
concentration of approximately 10^3 transducing units/ml 
( ampicillin-resistant clones ) . 

Panning of the library : 

immunotubes (Nunc) were coated overnight in PBS 
with 4 ml of either 100 mg/ml or 10 mg/ml of recombinant 
human TNF-a in PBS or 4 ml of 10 mg/ml of Fog-1, a human 
IgG/k immunoglobulin which recognizes the human red 
blood cell Rh (D) antigen. Tubes were blocked with 2% 
Marvel-PBS for 2 hours at 37- C and then washed 3 times 
in PBS. Approximately 1013 TU of phage was applied to 
the tube and incubated for 30 minutes at room 
temperature tumbling on an over and under turntable and 
then left to stand for another 1.5 hours. Tubes were 
washed 10 times with PBS 0.1% Tween-20 and 10 times with 
PBS. Phage were eluted by adding 1 ml of 100 mM 
triethylamine and rotating 15 minutes on an under and 
over turntable after which the solution was immediately 
neutralized with 0.5 ml of 1,0 M Tris-HCl, pH 7.4. 
Phage were then used to infect 10 ml of mid-log E. coli 
TGI by incubating eluted phage with bacteria for 30 
minutes at 31' C. The E. coli were then plated on TYE 
plates containing 1% glucose and 100 mg/ml ampicillin. 
The resulting bacterial library was then rescued with 
delta gene 3 helper phage as described above to prepare 
phage for a subsequent round of selection. This process 
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of 4 rounds of affinity 
was then repeated for a total of 4 ro 

purification with l:ube-washing — ^,^^3 
«ith PBS, 0.1% Tween-20 and 20 tin.es «ith PBS 

3 and 4. 



10 



15 



phage fro» "^f^ ^ ,,,, 

.elecion were '^^^'^^^ el., X5", frc« 
soluble scrv «es produced (Merks^ ^_ ^^^^ 

s^le -^"-^^tj- 'llgle" "^ee. S.1S« 

also rescued „i=rotitre plates 

performed as previously described wi« 
Lated .i.n either 10 «/ml h»^T»F-« iu^= 

S::SirtiS^"o-/010« e„.ple ao, a„d then 
sequencing . 



5^2^^ ^ „™ 1536 colonies and phage from 

,0 ^, soluble scrv -36 CO results are 



TNiri KTTSA The results ai 

colo-es ..re ^eehed b. ^^-^^ 

Shown in figure 1, the Icey positive 

aescrlptioh - ^_ c-.cterl.ed 
clones for binding to TOF a 

^= Sf='."r re - 

have been sequenced. 

soluble sc^ fro™ 
30 ELIS» and positive clones '^^ ^^ 

PCR flnoetprlnting and sequencing, m tn 
:S.e^rbinders were identifed «^ sequenced. 
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antibody scFv fragments directed against bovine 
thyroglobuim fron. a library of scFv frag^ents^ These 

derived fro. uni:n.unlsed bu.ans. ---'^^^^^^i;^^ 
surface of phage fd, isolated by panning against bovine 
thyroglobuim. The results demonstrated that it 
possible to isolate from a library derived fro. an 
uninonunised individual antibody fragments whxch will 
hind an antigen to which that individual has never been 

"'°Ti;teen clones found by this panning to be specific 
for bovine thyroglobuim have now been analysed for 
binding to human thyroglobuim in an ELISA assay^(as 
described m example 44 of W092/01047). ^^^^ 
Clones also bound strongly to human thyroglobuim w.th 
15 absorbance signals of between 1.0 and 1.6 12 minutes 
after addition of substrate. No cross-reactlv.ty 
(Signal less than 0.05 after 90 min) was found with 
panel of unrelated antigens- hen egg lysozyme BSA, 
ovalbumin, chymotrypsinogen, cytochrome c, keyhole 
20 limpet hemocyanm, insuim. cardiolipin and DNA. 

Thus, antibodies with specificity for epitopes on 
the human self antigen thyroglobuim can be isolated 
from libraries prepared from unimmunised humans. 
TWO Clones binding to both human and bovine 
25 thyroglobuim, a-Thy23 and a-Thy29. and two clones 

bi^g to bovine thyroglobuim only. a-Thy32 and a- 
Thy33, were sequenced. 



Exa mple 3 
^^^n^I^^f_antib^^ 

i ujnnnjLr:-— -^ ^-^"^^^ C d77;^ 4 ) from a phage 

■ The phage display library of single chaxn Fv 
fragments derived from uninununi.ed human donors used in 
EK^le 1 was used m selection to isolate antxbody 
Example J. wa antigens MUCl mucin, 

fragments directed against the sext an^ y 

^ (CKA) and recombinant soluble 

carcinoembryonic antxgen (CEa; ana 



30 



35 



PCr/GB92/02240 

W093A1236 

46 

CD4 (rsCD4). 

^„,. ^3 in example 1 except: that: 
library was -J^^^^^ ^ /,10 p.u, was used 
5 the st:andard helper phage M13K07 (5 

library rather i:han delta gene o 
■to rescue the licrajry 

phage (M13 D gene III)- 

o^i^r^ion of r^°^° «pec3.rxc 

The phage were panned for ^^^^^^ essentially 
CNunc; Maxisorp) coated ^f^^^^;^^ ^ of 
^ -,1 iQQl^ or were sexecxeu. 
„ {Marks et al.. 1991). ^^^jj^^ 15,0). 

IS The touowing antigens were used ^ 

soluble CD4 (rsCD4, (expressed .n ^ ' 

^tigen (CEA), an g^^^ which 

20 al., Molec. Immunol. 27 , ^^^^^ . 

corresponds to a repeated ^^.^^ or PEM) 

25 407-415, 1990). (10«3/»1) «»" •=°"^ °" 

CEA <20^/»l !f "^'^„,ture in phcsphate 
overnight « ro-^t ^ ^^^^^^ 

bu«er«l saline. For the £rrst ^ ^„ 

^•"""ThiL -Csl^^nt^undso. 

*5n and 10 trimes with P85>- -4-^ pnc 0.1% 

30 o"" -times wa-tn PBb, u.j.-t» 

selection tubes were wa^- 20^ ^^^^^ ^^^^^^ 

(v/v) Tween 20 and 20 times w 

100 ^ ---f-- - r^sducing units) were 
Hluted phage [^^^^^^^'l^^l^,, ,pprox. 10^ infected 
35 used to infect ^' ^]^^^^ for the next rescue. 

bacteria were used as ^ ^^^^ ^^^^^ rescue and 
The library was subjected to 3 to 5 r 
selection for each antigen. 
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For selec1:lon of phage binding to the MOCl peptide, 
the peptide was coupled chemically to Sepharose 4B 
(provided by M.R. Price). A 1ml colons was prepared, 
and phage was selected as described by McCaf ferty et 
al., 1990 (supra). Briefly, the Sepharose-MUCI colu^ 
was washed with PBS containing 2% sRinuned milk powder 
(MPBS) and the phage loaded in 1ml of the same buffer. 
Lter washing the column successively with 10ml volumes 
of^BS, PBS PH7.2, 50mM Tris-HCl/500mM KaCl pHB.O and 
50mM Tris-HCl/500«M NaCl pH9.0, phage was eluted with 
5ml lOOmM triethylamine and neutralised with 0.5M sodxum 
phosphate buffer pH 6.8. Five rounds of selection were 
carried out. 

15 go-Tftenina an^ sequencing of clones 

Single ampicillin resistant colonies from .nfectxon 

of E coli TGI with eluted phage, were screened exther 
for binding of phage (Clackson et al., 1991) or soluble 
scFv fragments (Marks et al., 1991). Since the gene 
encoding the antibody fragment is linked to that 
encoding the phage coat protein by an amber codon, 
soluble fragments can be secreted from a non-suppressor 
strain of bacteria infected by the phage (Hoogenboom et 
al 1991). The binding to antigen of soluble scFvs xn 
ba^Urial supernatant was detected with the mouse mAb 
9E10 (1 .g/ml). Which recognises the C-terminal pept.de 
tag (Munro and Pelham, Cell 46, 291-300, 1986), and 
peroxidase-conjugated anti-mouse Fc antibody (S^^-) as 
described (Ward et al., 1989). Plates were coated with 
the antigens Fogl, TNFa. bovine thyroglobulin and rsCD4 
as described for immune tubes above, and with CEA at 
5mg/«l. A urine extract containing human polymorphic 
epithelial mucin (PEM) was used at a protexn 
concentration of approximately lOmg/ml. 

The specificity of the isolated clones was checked 
by EUSA of the soluble scFv fragments using plates 
coated with various proteins. Plates were coated with 
the antigens Fog-1, TNFa, bovine thyroglobulin, rsCD4, 
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^ PEM as described above. Other proteins were 
CEA and PEM as des ^^^^ ^t a concentration 

coated overnight at room remp or in 50 nM 

of 1 .g/ml m PBS (cytochrome = ^^^.^^^^ 

Ximpet ^---^"J^if;:^;.or CSig^a], chicK- ' 
Chicken egg-white tr^sin ^^^^^^^enyl acetic 

'"'"r: :: g.ra ^sitive ..^^ 

.0 r^'screeTe: b. PCH and fingerprinted, with t e^ 

restriction enzyme BstNX as ^ ^^^^ ^^^^^ ^Hlones 
supra) to identify different clones. ^J^^^^ 

„..h different restriction ^^-^^^^^ J^S^^^^^^ 
heavy and light chains sequenced using a gu 
15 kit (USB) or using a xaq DyeDeoxy Termxnator cycle 
SeleLing kit (.pplied Biosystems) and an .pplied 

Biosystems 373A DMA -^^^^^ ^^,^3,, 
sequenced Clones were fur«^^ ^^^^^^ 

program MacVector 3-5 (XBI^o ' ^^^,3 

20 VH genes were compared to ^ jomlinson et al. 

Hn the VH directory compxlea oy auu 
"' TbIoI 227776-798, 1992). VL genes were compared 
(j.Mol.Biol. 227 775 segments and 13 

34 published kappa ^^^^^^^^ ^ ,.,enes 
published lambda gene segments. 
25 Lcoded by PCR primers were not included in the 

analysis. 

4..-v.i^Hv f-rnanipr'^^ show high 
»nH^, selecte d Human ^anlribndY fragmen 

aaainst gol f -antigens 

' elutea phage and an.i«»ly f rag^ts 

clones «re screened for binding 
■ r^S^ Preselected with the 20 sMno edd «UC1 

^i^iw^ci et el., 1990,swra). «hich corresponds to 
peptic (Price er ei . ,t^ttr-essdciated 
« e reneated motif In human MUCl mucin 

•pcl^or^lc eplthellel f or 

r r »d lice hind to hoth peptide and 
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the protein. The v-genes of clones with binding 
activities were sequenced, and one clone identified for 
each antigen of CEA, PEM and rsCD4 (Table I) . The 
appearance of only low numbers of clones binding to CEA, 
5 PEM and human recombinant soluble CD4 (rsCD4), even 

after several rounds of selection, may reflect the use 
of VCS-M13 (stratagene) as helper phage (instead of 
MlSDglll helper used for the other antigens). 
Populations of phage(mid) particles produced by rescue 
10 with MlSDglll (which cannot produce pIII) have higher 
average avidities than those produced by rescue with 
VCS-M13 (where the wild-type pIII encoded by the helper 
phage can compete with scFv-pIII fusions). 

The scFv fragments were then screened for binding 
15 to a panel of other protein antigens, and were found to 
be highly specific. This is illustrated in Fig. 2 with 
the single clones with binding activity to human CEA, 
mCl and human rsCD4. See brief description of figure 2 

(supra) for key. 
20 Hence, antibody fragments directed against the 

human self antigens CEA and MUCl which are tumour 
markers) and rsCD4 can be derived from the same library 
and they all have a high specificity for antigen. 
Example 4 

25 rhnr-^r^terlsati on of antisel f an tib od y fragments by DNA 
se quencing and bindin g to antigen 

The antiself antibody fragments isolated in 
examples 1,2 and 3 -were characterized by DNA sequencing 
and antigen binding. 

30 

rPK^ ^n-nhod y fraqmen^ -^^ »re derived from a range of 
nnmutated and soroaticaT ^y mutated v-qenes 
The sequences of several clones with 
self-specificity were determined as in example 3 and 
35 contain both kappa and lambda light chains (Table II). 
comparison with the sequences of the nearest germ-line 
V-gene segments indicates that several different 
families are used (VHl, 3, 4 and 5; Vkl and 4, Vll. 2 
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,^3). in . few c.se3 the v-g«nes .re completely 
n^lL. for e«.ple both rhe VH .na VI ^of 
1^.2.. However, .ost o. the V-^ 
differences from the nearest germllne V gene s g 
^o^Tthe nucleotide end e-i^-cid ^^^J^f^ 
^o-t-ir^a that they are derived from somatically 

the PC« .»pUf icatlon «^ assembly ^^''^l^^^'l, 
^ VH-genes of aFOGl-08 and a«ICl-l, and the VK gene 

Jprobsbly arose fro. cross-overs between two 
v-,enes dining PCR amplification (Table II). 
Jthe^ore. large differences (for example 

.™.-„e Which diners by 3e ----^^ rs^i^ 
the use of untaiovm V-gene segments. There is ^ 
hi::; m the the heavy 

^d arar-El: the germllne V.g««s are '^"'^^ 
same segments are used, and 11/16 residues o£ CDC 
identllll. This suggests that both scFv fragments 
„ay bind to the same epitope of TW. 

■ frr - r ■^"""^ *° ■'"^"^ 

.p ifopes on ""le protein 

The SCFV fragments directed against bovine 
thyrol'bulin from example 2 were screened for bind.^ 
^Hn thyroglobulin. which differs ^^Z";'^ 
...no-acid residues in the prot^ "^^^^'.^.T 
rorrt;:"t^- .-ludmg aThy-a„ bound to 

Tan thyroglobulin. whereas the r^t (in^ud ^ 
«r,d aThv-33) did not (data not shown). Likewise x 
^gl^L bLding to the human -"^-^-^ ^ 
sc^ for binding to a r««e of other ant^odles 
:Sfering in heavy and light ^'^'J^, . 

see brief description of Figure 3 for xts ^i^v > 
^ .^gment aPO=l-A<. bound to ,11 "^^^'^^f " 
3 isotypes. but not to g4 or .. By contrast, the 
Lal^s ;foG1-h6 and aF<«l-« did not bind to «.y of 
:::°::;er antibodies, including those of the same 
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isotype as Fog-1, suggesting that they are directed to 
the variable domain of Fog-1- 

n^^-r^nit^risation of selected scFv fragntents 
5 The following clones were chosen for large scale 

purification end further characterisation: aF0Gl-H6, 
aF0Gl-A3, aTNF-E7, and aThy-29. Colonies of the 
non-suppressor E. coli strain HB2151 harbouring the 
appropriate phagemid were used to inoculate 2 litres of . 
10 2 X TY containing 100 pg ampicillin/ml and 0.1% glucose. 
The cultures were grown and induced (De Bellis,D. and 
Schwartz, I. (1990) Nucleic Acids Res., 18, 1311) and the 
tagged scFv fragments purified using the mAb 9E10 as in 
(Clackson et al., 1991, supra and W092/01047). 
15 The inhibition of 125I-Fog-l binding to human Rh D 

antigen by the affinity purified scFv fragments aF0Gl-H6 
and aF0Gi-A3 was essentially as performed earlier 
(Gorick,B.D., Thompson, K.M. , Melamed,M.D. and 
Hughes, J.N. (1988) Vox. Sang., 55, 165-170) with the 
20 following modifications. 0.0148 pg of 125I-F0G1 was 

pre-incubated with varying amounts of purified aF0Gl-H6 
or aF0Gl-A3 scFv fragments (0 - 16 pg) at 37-C for 1.5 
hours, before adding 0.5 pi of R1R2 cells (or rr cells 
as control). The mixture was then incubated for a 
25 further 1.5 hours at 37-C with constant mixing, and 
finally cells separated from the supernatant. As a 
control, a titration was also performed with a purified 
SCFV fragment directed against turkey egg white lysozyme 
(aTEL91 (Marks et al., 1991, supra). 
30 Kinetic measurements were made using surface 

plasmon resonance (BIAcore. Pharmacia Biosensor AB) 
(JOnsson,U., FSgerstam, L. . Ivarsson,B., Lundh,K., 
hafks.S.. Persson,B., Roos,H., ROnnberg,!., 
Sjeiander,S., Stenberg,E., St4hlberg,R. , Urbaniczky , C . , 
35 (5stlin,H. and Malmqvist,M. (1991) BioTechniques, 11, 

620-627; J6nsson,U. and Malmqvist,M. (1992) In Tumer.A. 
(ed ) Real Time Biospecific Interaction. JAI Press 
Ltd., 'san Diego, Vol. 2, pp. 291-336). In order to 
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separate monan.eric and multimeric species, the purifxed 
sc^ fragments were concentrated by ultrafiltration and 
then fractionated on a calibrated Superdex 75 FPI,C 

- ^ 4« PBS O 2 mM EDTA. Gel filtration 
column (Pharmacxa) in PBS, o.-i nm iiux«.. 

5 was monitored both by the absorbance at 280 nm and 
on-line to BIAcore with immobilised antigen on the 
sensor chip (Johnsson et al.. 1991). 

Kinetic experiments were performed in two different 
configurations. First, to analyse the binding of 
10 soluble scFv, the different antigens were covalently 
ixnmobllised on the sensor chip (in the case of mAb 
Fog-1. the antibody was also Immobilised via a mouse 
anti-human kappa light chain mAb using a sensor chip 
coated with rabbit anti-mouse IgGl). Second, to analyse 
15 the binding of the soluble mAb FOG-1, the aF0Gl-H6 scPV 
was immobilised on the chip surface. 

The antigens were coupled to the CMS sensor chip 
. through their amine groups using the Amine Coupling Kit 
(Pharmacia Biosensor AB)( Johnsson, B., Lefas,S. and 
20 Lind^lst,G. (1991) Anal. Biochem. , 198, 268-277) .he 
antigens were diluted in 10 «M acetate buffer pH 5.0 to 
approK. 25 pg/ml, and 3805 resonance units (PU) of TKF, 
6249 RU of human thyroglobulin, and 5279 RU of FOGl were 
i^n^obilised. For the biospecific presentation of Fog-1, 
25 affinity purified rabbit anti-mouse IgGl 

Biosensor AB) was coupled to the surface followed by a 
mouse «Ab anti-human Jcappa (2300 RU) and then Fog-1 
(2050 RU). AS binding of the rabbit anti-mouse IgGl to 
,:he mouse mAb was reversible by 10 «M HCl the complex 
30 was rebuilt for each analytical cycle. ScFv antl-Fog-1 
was coupled to the CMS surface to 1538 RU. All 
determinations were performed at 25-C in PBS, 0.2 mM 
EDTA, 0.05% BIAcore surfactant P20 with a constant 
flow-rate of 10 pl/«ln. and an injected volume sample of 
35 35 m. It was not necessary to regenerate the antigen 
as the SCFV fragments rapidly dissociate, with the 
exception of the biospecific presentation 
rabbit anti-mouse IgGl which was regenerated wxth 10 mM 
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HCl for 3 min. 

Analyses of scFv monomer were performed in the 
concentration range 100-500 nM, and dimers in the range 
4D-200 nM except for the biospecifically presented Fog-1 
5 where the concentration of dimeric scFv was 0.25-1.26 
liM. Fog-1 was analysed on the BF0G1-H6 scFv surface in 
the concentration range 10-200 nM. All concentrations 
were calculated from U.V. absorption at 280nm (assuming 
that 0.7 mg/ml scFv gives an A280 ■= 1 [Mach,H., 

10 Middaugh,C.R- and Lewis, R.V. (1992) Anal. Biochem., 200, 
74-80], and that Mr of a scFv monomer is 30 kD and of a 
dimer is 60 kD). No correction was made for the 
fraction of active protein, and therefore the on-rates 
are an underestimate. The kinetic evaluation of data 

15 was performed according to (Karlsson,R, , Michaelsson, A. 
and Mattsson,L. (1991) J. Immunol. Methods, 145, 
229-240) and evaluated on the procprara Origin 1.1 
• (Microcal inc., Northampton, Mass., USA). 

20 Two of the antibody fragments are dir ected against 
idiotopes of human mAb Fog-1 

The binding of 125I-Fog-l antibody to human red 
blood cells bearing the Rh D antigen could be inhibited 
by both aF0Gl-H6 and aFGGl-A3 scFv fragments. Hence, 
25 both aF0Gl-H6 and aF0Gl-A3 are site-associated 
antl-idiotype antibodies, complexing with the 
antigen-binding site of Fog-1. The extent of inhibition 
of 125I-Fog-l binding to the Rh D antigen (on human R1R2 
red blood cells) was determined by titration with 
30 affinity purified aF0Gl-H6 and aF0Gl-A3 scFv fragments. 
(AS control, no inhibition of 125I-Fog-l binding was 
observed using a scFv fragment (aTEL9) (Marks et al., 
1991, supra) directed against turkey egg white 
lysozyme). With the maximum of 16 pg scFv (1000 fold 
35 molar excess to 125I-Fog-l), the binding was inhibited 
by 14.2% (aF0Gl-H6) and 20.9% (aF0Gl-A3), suggesting 
thai: the affinities of these fragments for Fog-1 are 
much lower than the affinity of Fog-1 for the Rh D 
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. fv« - 2 2 X 109 M-M which binds monovalen-fcly 

L .«ive. .he affinities of the t-o fronts fo. 
binding to F09-1 could be estimated as Ka - ^ « ^ 
L a.L-H6 and 6 , X05 M"! for '^'^^'f-^ 
existent with other kinetic measurements (see belo. 

and Table III)- 

S»scF^fSESntscan^^ 

"^^le «.ti^y fragments were purified fro. 
^«erial supematants by affii.ity ='>-"'^°^^^;,^ 
.l^Jing Of the C-terminai peptide tag to »^;^^''- 
After ultrafiltration, the fragments were further 
^led by Fp:^ gel filtration (Pharmacia, on Superde, 
75 (Pharmacia). ^ detected on-line both by W 
absorption (280 nm) and by binding to 
i^oSlised on a sensor chip in 

Biosensor »B). This showed that the scFv fragments 
j::rrin Ji. corresponding in si.e to monomers 

Z Lets. The dimers bind more strongly to the 
^lllsed antigen than monomers due to 

avidity of bii.ding. The scFv dimers run as """""^^ °" 
aviaiT^y « therefore not linked by 

non-reducing SDS gels, and are therexo 
disulphide bonds. As two peaks are seen in 
L-filtration, it appears that in this case the 
Lno^ers and diners do not interconvert '^^J^ 

^ -a^^^^^e ar-o scFv fragments inter J-ocKea 
Presxunably the dimers are scrv xi. y . .^vii- 

Sough L flexible linKer Joining the heavy a,d l.ght 
chai^. or With the heavy chain of o^ ^^'"'^^^^ 
associated with the light chain of the other. Me note 
:^rantibody Fab fragments made in bacteria can also 
„altlnerise (unpublished data). 

The T^.n„ents I II, ir "ffinities 

ffi^^^-;;^;;7^ri;i;r;;;r»onomer. -""-^T"" 

lead L a^ overestimate of affinity of binding using 
i:lia^a.e methods. To determine the affinity and 
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kinetics of binding of scFv fragments to the antigen 
coated chip using surface plasmon resonance, we 
therefore purified the fragments by gel filtration 
(Table III). For the dimers, the off-rate constants were 

5 determined as about lO'^ s"! and the on-rate constants 
for the SCFV dimers as about lOS-lO^ M"! s'^ (assumxng 
the sample is completely active). In the case of 
aF0Gl-H6, the antigen (the mAb Fog-1) was immobilised on 
the sensor chip in two ways, either directly or via a 
10 rabbit anti-mouse IgGl antibody. The results were almost 
identical by either method (see Table III). However the 
active fraction of scFv fragments varies considerably 
and could lead to an underestimate of the on-rate (and 
affinity of binding); for example using fluorescence 

15 quench titration with several scFv fragments directed 
against phenyloxazolone we detected only 0.06 to 0.38 
functional binding sites per scFv molecule (unpublished 
data). indeed the on-rate constants calculated for the 
association of the aFOGl-Hfi fragment and Fog-1 -^^^^ody 

20 depend on whether the antibody (k^n 2.2 x 10 M s 

4. ri, 1 o X 10^ M-1 s~^) is immobilised 
or scFv fragment (kon l.o x iu n a / 

on the sensor chip (Table HI), indicating that the 
aF0Gl-H6 fragment is less active than the Fog-1 
antibody. For the scFv monomers, the binding signals 
25 were low and it was difficult to follow the kinetics of 
binding to the surface, except for the dissociation of 
the aThy-29 monomer (k^ff - 2 x lO'^ s'l). However, the 
four fold stabilisation of the aThy-29 fragment dimer 
(see below), suggests that the off -rate constants of the 
30 other monomers are >10-2 s'l, perhaps 10" s . 

The greater stability of the scFv dimers on the 
sensor chip, compared to monomers, indicates that the 
dimers are bivalent. The scFv dimers are therefore 
analogous to the two heads of the antibody igG (but with 
35 different spacing between the heads), and their binding 
avidities were estimated as about 10^ M"! from kon/koff 
(Table III). The affinities of the monomers must be 
lower by virtue of their faster dissociation from the 
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^£a« For th. .Thy-29 monomer, .nd assuming «.al= 
™t is the same es for the aimer 

::::r%Tr« -etics o. 

^^■Lctions ena the — ^ ^ -^r"" 
. «>ti,ens. Bl.c..eiX scientific O«.ora.. -- 

- surface ^ 'f^elCe^ 

those J .«i„ity of hinding of the . 

10 teohniuues. For example tne 

-™™er scFv fragment .TEL9 (Marks et al., 1991) wn 
monomer sctv ir 9 derived from the same 

.inds to turkey lysoryme (and wa. deri^ ^^^^ 
lihrary) was estimated as 3.9 x 10 M 9 
plasmon resonance (Tahle III), and as 1.2 x 10 

IS fluorescence guench («arks et al. . J^J^';^,^ 
The affinities of antibodies isolated »re typxc 

cf «.tihodies fro. th. mouse '^J^^^'^,^,. 

20 the protein self-antigens (10 to 10 b 

^iLl Of previously characterised «,-prote.n 
Tteractions. However the Kinetics of dissociation 
,10-2 s-1, are relatively fast for M,-proteln 
llr^tiL (hut hoth rates are -^^^ " 

^ ^.-hapten — ' ; j:,:t^7ra^ J;:s with such 

-t-hat we can isoxare surv ^^^^ 

Tt Tf^ra^ - - ^ ' 

^e to he retained on the solid -PP°- ""^"^ 

LLng. However, scFv fragm«.t= are 

rl:rrm:i«^r™'^^--— ^^^^^ 

Ta!; Tpha^, .ll-lhg the encoded scFv phage to he 

" '^'"^ comhinatorial v-gene "-rtoires^riv^ 

f„„ the of immunised animals are -^^^f* ^ 

Lvy or light chain V-genes encoding part of an antigen 
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binding site and this facilitates the isolation of 
antigen-binding fragments using phage technology, 
although the combinations of V-genes of each 
B-lymphocyte appear to be largely destroyed. Antigen 
5 binding sites can also be generated de novo by the 
random combination of chains, as illustrated by the 
isolation of scFv fragments against foreign antigens 
from unimmunised human donors (Marks et al., 1991, 
supra ) . 

10 "Natural autoantibodies", self-reactive antibodies 

isolated from healthy donors tend to be of low affinity 
and polyspecific and may well be produced by a discrete 
subset of B-cells, the internal activity set 
'{Holmberg,D. and Coutinho,A. (1985) Immunol. Today, 6, 

15 356-357), contributed in part by CD5+ B-cells (Casali,P. 
and Notkins,A.L. (1989) Annu. Rev. Immunol., 7, 
513-535). In contrast, the anti-self scFv fragments we 
have made are highly specific in binding to antigen 
despite only having microroolar affinities. This is a 

20 surprising and valuable finding. Their affinities could 
presumably be improved in vitro, for example, the 
affinity of an scFv fragment for the hapten 
phenyloxazolone derived from the phage library (and, 
like the anti-self antibodies described here, with a 

25 relatively fast off -rate) was improved from Ka - 3.1 x 

106 M-1 to 9.1 X IQS M-1 by chain shuffling ( WO92/01047; 
Marks et al., 1992b, Biotechnology 10, 779-783, 1992). 
This would allow the creation of highly specific, high 
affinity human antibodies directed against self-antigens 
30 for use in human therapy. 

Example 5t 

Creation of a Synthetic Library 

By display of antibody repertoires on the surface 
35 of filamentous phage and selection of the phage with 
antigen^, we can mimic immune selection 2,3 and make 
human antibodies from the rearranged V-genes of 
unimmunised donors^. Human antibodies have now been 
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made by synthesis from defined V-gene elements ^ 
repertoire of 49 human germ line Vh gene segments 
rearranged itLvitrq by joining to a synthetic D- 
segment- of five random amino acid residues and a J- 

5 segment, to create a synthetic third complementarity 
determining region (CDR) of eight residues. The 
rearranged Vh genes were cloned with a human Vlambda3 
light Chain as single-chain Fv fragments for phage 
display. The library of 10? phages was panned with a 

0 hapten 2-phenyl-oxazol-5-cne (phOx) conjugate to bovxne 
serum albumin (BSA), and phage isolated that encoded 
fragments with specific binding activity to phOx-BSA, 
and with affinities to phOx-gamma-aminobutyric acid 
(phOx-GABA) in the micromolar range. Comparison of 

5 twenty one clones with unique sequences showed that the 
in vitro "immune response" to the hapten was largely 
;;;;~^ed to the V„26 segment (V^S family)^ with an 
invariant aromatic residue (Tyr, Phe, Trp) at resxdue 98 
of CDR3. The use of V-genes rearranged i p vxtro may 

10 allow the design of antibody libraries biased towards 
the binding of antigens of known structure, and the 
creation of therapeutic human antibodies with reduced 

immvinogenicity. . „ v, 

Antibody variable domains consist of a p-sheet 
25 framework with three loops of hypervariable sequence or 
CDRsS. The loops create antigen binding sites of a 
variety of shapes, ranging from flat surfaces to 
pocketsB. For human heavy chains, the sequence 
diversity of the first two CDRs are encoded by a 
3D repertoire of about fifty germ line Vh segments. (I.M. 
Tomlinson et al., supra). The third CDR is generated 
from the recombination of these segments with about 
thirty D and six J segments^, and although its sequence 
is highly variable, it often includes a ^^^l^^^^^^^ 
35 AsplOl of the loop to Arg94 o£ the frameworklO. The 
structures and lengths of the first two CDRs are 
restricted^O'", but those of CDR3 differ" greatly, with 
lengths ranging from 4 to 25 residuesS. 
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A library was created of rearranged Vh genes with a 
CDR3 of eight residues including AsplOl, in combination 
with a single Vlambda (ref.l2) light chain. Forty nine 
germ line segments encoding most of the human Vh 
5 repertoire (Tomlinson et al., supra) were each amplified 
using the polymerase chain reaction-^-^ and 
oligonucleotide primers that introduce a synthetic D- 
segment (of 15 bases of random sequence at the 3' end of 
the Vu segment) and a J-segment, together encoding a 
10 CDR3 loop of eight residues (Fig.4). The rearranged 

segments were pooled and cloned for phage display with a 
human VlambdaS light chain, creating a synthetic library 
of 10^7 phage clones. Like the immune system, the 
synthetic library of lO'^ phage clones can tap only a 
15 small fraction of the potential diversity. Thus the 

diversity is potentially 49 x 32^ 1.6 x 10^ different 
nucleotide sequences, or 49 x 20^ = 1.6 x 10^ different 
amino acid sequences. 

The library was subjected to four rounds of growth 
20 and panning on phOx-bovine serum albumin (BSA) coated 

tubes, and clones screened as soluble^^ single chain Fv 
fragments^S'^^ for binding activity to phOx-BSA by 
ELISA^. After the third and fourth rounds, 14/96 and 
61/96 clones respectively were identified with binding 
25 activities to phOx-BSA and of these (29 tested) none 
bound to other proteins (see legend Table B). 
Furthermore their binding to phOx-BSA coated plates 
could be competed with the soluble hapten (Table B). 

Sequencing revealed that many (21/29) of the phOx 
30 binders were unique, with an eight residue CDR3, and 

utilised either a segment from the Vh4 family, or one of 
three segments from the Vh3 family (Table B). Together 
these segments use three of the seven "canonical - folds 
available to the first two hypervariable loops of human 
35 Vh segments. (C. Chothla, et al., supra). The majority 
of the unique clones (16/21) were derived from the VH26 
segment^ and have related sequences in the third 
hypervariable loop: in this group the first residue 
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tends to have a branched aliphatic side chain (15/16), 
the second residue tends to be lysine or arglnine 
(11/16), while the fourth residue is always an aromatxc 
residue (most frequently tyrosine). 
5 The affinities (K^) of two of the stronger binders 

(OX 13 and Ox-31, Table B) for phOx-GABA were determined 
by fluorescence quench titrationl^ as 3.1 ± 0.2 pM and 
6 7 ± 0.7 pM respectively. Although the synthetic 
antibody library lacks the diverse VH-CDR3 lengths and 

10 the different light chains of antibodies made invlvo, 
the affinities for phOx-GABA compare with 0.5 pM for a 
(phage) antibody made from unimmunised human donors , or 
IpM for several hybridomas from a mouse primary immune 
responselB (but see caveat . Table A legend). To improve 

15 these affinities, one could systematically alter (see 
below) the many different phOx antibodies selected 

(Table A). . _ 

in principle, the use of phage display libraries of 

V-genes rearranged in vitro offers an attractive 

20 alternative to those rearranged in vivo^ . Firstly the 
framework regions and first two hypervariable loops of 
both heavy and light chains of the synthetic human 
antibodies created from the library are essentially germ 
line This contrasts with the "primary" phage 

25 antibodies tapped from human V-genes rearranged in vivo , 
in which the extent of somatic mutation varied widely . 
Leaving aside polymorphism, the VH gene segments are 
identical in different individuals, and the synthetic 
antibodies are potentially less immunogenic. By 

30 altering the lengths and sequences of the heavy and 
light chain CDR3 loops, or by localising the minimal 
mutations in the other CDR loops, or by shuffling with 
synthetic "germ line" light chainsl^'^O, it may be 
possible to improve their affinities while retaining 

35 their germ line character. 

secondly both kinds of libraries are highly biased. 
In the -natural- libraries, the bias is outside our 
control, and is imposed for example by allelic 
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variation, deletion polymorphism and deletion of self- 
reactive clones. m the synthetic library, the bias can 
be Introduced systematically. Here for example, all the 
VH-gene segments, were chosen and thereby the folding of 
the first and second hypervariable loops: also fixed 
were the length and diversity of VH-CDR3 and the light 
chain. Although several ways of making diverse 
synthetic libraries have been suggested2, it should also 
be possible to incorporate design principles into the 
encoded structures. If the shape of the antigen were 
known, an envelope of roughly complementary binding 
sites might be designed and built with defined V-gene 
elements. Use of such "designer" libraries would favour 
the isolation of antibodies with higher affinities. 

Table A 



Family 


No. of 
genes 


VH segments* 


Library 
X 10"^ 


size 
(%) 


VhI 


14 


1-5,7,8,10,12, 
14,15,20,21,25 


2.3 


(20) 


Vh2 


1 


27 


1.0 


(9) 


Vh3 


23 


29-33,35,38-40, 
42,44-54,58,59 


2.1 


(19) 




9 


63-71 


2.6 


(23) 




1 


73 


1.4 


(12) 


V„6 


1 


74 


1.9 


(17) 


Total: 


49 




11.3 


(100) 



*for simplicity Vh segments are listed according to 
DP nomenclature of Toralinson et al., supra. 
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"Ta-r rrrr. ri.. v„5 v„e 

supra) were used, one tor ^^^^ 

.5 gene fan^lies and -^-^P^^^^^^^.^^I^'^^.ones .ro. 
.amines, and cXoned a^or^ng ^jj^^^^^ 

Of insert (on ^^^^^^^J ^l^^ - (controlled, 
large library as xn "^^^^ ^ ^ the 

^•^ :^ ^^^^^^ 
^^^^^^^^ 

.3 ™ and ..a. ..e nucleotides 

expected ratios In the 9"^^;^^^^^^ eodon. 
for C. (At the first and ^^^^^^^^ °^ 

- --^^^ r^ira^r;^:::* : ^r;4.ession le^. 

position, G, 42.6% and T ^^^^^^^ 

,0 of the -^-°^-^^^;^r;;,rcLes With detectable 

segments "-^/^f COP-7), Vh2 (nP-27), 

expression ^^-f^'J°^ ^ ^ (DP-63,69), (DP- 

Vh3 (DP-29,35,38,44,47,51,53J, 

73) and Vh6 (DP-74). 



25 



30 



35 



55Si^2d£ oresence of insert by 

clones were checked for presence 
^a'21 with oligonucleotides LMB3 and pHEN- 
. pcR-screenxng wxt ^^^^.^^^aed DNA by 

cm (ref .4) and sequenced from aou" 

z — - - - - 

oligonucleotide corrected for 

J)"rioror:^^^^^ .C. frag^ents was 
. spotting s^ernatant . Induced^^^ ^ 

overnight cultures in ^^^^^ („inlfold 

...«,cellulose --/^;f/^;^°Lecting the bound 
II, schlexcher and Scbuell), «ntibody23 ^nd 

peptide-tagged scFv fragments wxth SEi 
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peroxidase labelled anti-mouse antibodies (Sigma). 



Table B 



10 



15 



20 



25 



30 



35 



Clone Family Gertnline 

gene* 



Ox-31 



Ox- 33 

Ox-13 

Ox- 9 

Ox- 7 

Ox-30 

Ox-12 

Ox- 5 

Ox-3 

Ox-20 

Ox- 21 

Ox-4 

Ox-10 

Ox-14 

Ox- 19 

Ox-25 

Ox-27 

Ox-2§ 
Ox-1 



Vh3 



Ox-15 Vh3 
Ox-18 



V„3 



Canonical Loop 
structure* 



Vh4 



DP-42 



DP-45 



DP-47 



DP -67 



1-1 



1-3 



2-1 



^50 



0 



26 



1_1 >300 
>300 



20 

50 

80 

86 

86 

86 

100 

125 

125 

125 

130 

150 

180 

250 

>400 

IT 

>400 
>400 



* Tomlinson et al., supra, Chothia et al., supra. 

* in pM, according to competition ELISA with 
phOx-GABA, 

§ shows V67A mutation in FR3. 
V Not determined. 
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library 



.er. prepare TZ-^ 
5 „13 ^ suMectea to rounds of panning - P^°«^» 

4 The sequences of 21 pnage 
coa1:ed t:ubes as in J"^^^ segment:s, DP- 

binding to phOx revealed four germ iin 

«,45,47 CVH3 family) and --^^-^^t? I), w-^^^ 
identical to VH26 (ref.6, corrected xn ref. ). 

, and OP-57 ^-^^^^^ ^.7 :JZe^ or 

framework residues from 8-lB {ref.25) K 
VH4.22 (ref .27) respectively. Clones from the 

^ ^ ^-v.o nP47 Vxj segment: and lacKxng 
uns.le=ted library using ^J^^J" ^.^^ ^„ p^ox. 

the characteristic pattern of CDB3 did no 
Of the 21 Ph0« binders tested, none bound to BS» NIP 

" 1 Plastic, ohy^otrvpslnogen cyto^ =• 

thyroglobulln, ^^^^^ ^^Z^ ^^J^J. Z 

20 from ref . 4 ) . 



25 



30 



35 



in ref.4. The relative affi^"- - T 
fragments -ere deter^ned b. ^--^^^ „;^^,3„. 

^rlal dilution Of -«»7^-'^;'":iS°<:lntratlon. 
2-phenrl-oxa^ol-5-one (phOx-GM^). «1 

ranging ' " ^e ^ e^lirn^ PhOx-C». 

rerui::r::T:orr::ucr of tne si^^^o. 
-ra:;rrfrrbox-rr:rrrL»d b. 

clone. 0.-13 and^ 31 P ^^^^^^ ^ 

fluorescence ^cb ^^^^ J^^^ phOx- 
c-^ tag (ref .4K Id^l^-^ ^„otly. or that 

BSA conjugate f „s«J here to 

for phox-oaprolc acid, but phO. B» 
8llo« caoparlson with the hybrldoma data of ref. 
aiiow F for the phOx conjugate, or 

affinities of the '"^^^^ „ b^ better than those 
for phOx-oaptolc acid are IxKeiy 
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measured for phOx-GABA. 

PigureA^Jh-^^^ 
(see text) 

5 

Methods o^vTTToi fQPe Table IV) 

10 to the 3 end o. 

,^li„.on et al.. supra. The P ^^^^^ ^^^^ 

polymerase chain reaction witn . h 
primers (VHBACK) incorporating an Ncol site 
L— .o «— - B^c. ^^^^^^^^^^^ 

rr^rrrs -. JAs cc.es, on a PHC-3 

:::l:cL .ec^e). na. a..^^^^^^^^^ 

by electrophoresis on agarose gel, 
20 of DNA fro. Vh segments of the sa.e ^-^^^ J^^^ ^^^^^^ 
digested with Ncol and Xhol, and cloned ^ 
«hLi (ref .14) carrying a rearranged VlambdaS Ixght 
pHENl ire ,TrTV3Sl- ref. 12) taken from a 

chain variable domain (IGLV3S1, ret. 

scFv fragment binding to BSA . „ 
If instead of a random oligonucleotide, an 
oIigon!;irotide encoding a COH, eg from a — 
Tsed! this would imprint that non-human COH on the 
product synthetic human library. 
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E aeample 6 

n^^osis fac- . — - germ linejuun an synthetxc 

^^^clone encoding an antibody fragn>ent specific for 
tumour necrosis factor-a was isolated fron, a germ Ixne 
human synthetic library. This library 
described in example 5, except that the ^^^^^ 
SYNLIBZ was used in place of SYNLIBl, so that a 5 amxno 
acid V„ CDR3 was generated. The library was panned 
against tumour necrosis factor-a, as described xn 
example 1 for the library derived from unimmunxsed 
humans. After four rounds of panning a phage 
(and corresponding soluble fragment) was isolated with 
.5 binding activity to TNF. The V„ region of the scFv 

fragment (aTKF-10) was derived from the VH segment DP-45 
(Tomlinson et al, 1992, supra). The hapten bindxng 
Clones oNXP-6, aNIP-12, aOx-15 and oOx-18 are also 
derived from this segment, although each of these 
20 fragments were nevertheless specific for binding to 

hap^n or TNF. This indicates that antigen binding sites 
with entirely different specificities can be created on 
the same antibody framework by substitution of CDR3 
alone. Binding to non-specific antigens was assessed by 
25 ELISA as described in example 1. 
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BB^^^^^^^^^'^^^^'^^^^.o Single chain 

, ger» line ^^^^^'^ an analagous manner .o 
fragment: lil^rary "^^^^f ^,,^3 gem. line VH 
the library in Example 5, to inclua g 

*.Ko+-<c DH and JH regions, genet 

segments and ™ end 12 -<=^^- "'""^^ 

CnR3 regions of be«een . »^ ^^^ ,. 

phage Licrary -^^r^ii-tos 

— ^= -~ -Te^^e CTc^-on e. a. 

Fifty ger« line g» e,«.lifie« with 

„91 supra, as ^^J^ ^ co^platsly randomised 
oligonuoleotides to introduce a " „ ^ 

C0H3 varying " t ^ .„pli.ied with its 

.first PCR-reactLon, each g vHlBACKSfi «> 

family specific VBBACK-Pri.er o» ^ at tne 

m6BACKSfl; Marks et ^ ^ each of the 

5. end, and, "^^^^ ^.hi^IB^ - SVNLIB12 (Table 

Oligonucleotides of the ser.^ 

IV). The PCR contained 2.5 reaction 
approptiste pair of ^^^^^'^'^^'^ ^OmM (L4„S0„ 
Z containing 250pM dNTPs 10-. KCl- 

20»M TrisHCl (pB8.8,, ^ "^^J^i^, template was 
Of Ta, DHA poly»a^.a ^^^^'^ e M13 

Of a — ger. line V gene 
phage clone ^^'^^^^J.^ ^ 1 min. S5-C for 1 
The ampliflc""" cycle was S 

^ end 72-C for ^'^r^^;^^ ^ 30pmol of ™s« 
^s^^ ol^onu^eo^ 

,»able IV) was added =^ * «,e 3' end of 

r"lgr°^«^ that a hand cf the 

--T^ r r r prod:r is ampiif.=.-= 

rrrrrsi: Sy»iB prl^er „ere collected, cut 
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„ith Ncol ana sail. =1°-^ '^^"^^'l^'T 
V 3 confining cloned 1GI.V3S1) as -^"^^^^^ 

in .MS . librarle. (each one partxcu ar CDK3 

length) we™ .ade. each containing between 5 x 10 

5 X 10*^ clones. 

Selec tion 

was prepared fron. the nine different 

Xi^rarfesV rescue with VCS-MX3 as descried in Example 

XO Phage fL the nine individual libraries was .ixed 

L give one large library and subjected to panning on 
one Of each of 2 antigens: X^unosorp tubes were coated 
with 0AK3 (human anti-Rhesus D antibody lgG3>c) 
overnight in carbonate buffer (0.1 M NaHCOa, pH 9.6 at 

X5 Too vg/»l) or hu.an thyroglobulin (coated at lOOpg/.l in 
PBS), selections were performed as in Example 3. 



25 



30 



Screening 



was performed as descrlhed In „oogenhoo» et 
,„ al 1991 supra. ELISA plates were coated overnight with 
0Mt3 at lOOpgMl in PBS at room t«,perature or with 
h„»an thyroglobulin at lOOpg/n.1 at roc» temperature. 



35 



^^^ter four rounds of selection on 0AK3-coated 
«.hes, elutad phage was used to infect HB2151. ^ 

* analysed for binding by ELISA. 

soluble scFv fragments analysed to 

59/96 clones were scored positive in the OAK3 ELISA. 

The germ line human synthetic library was also 
subjected to: 5 rounds of selection on human 
Coglobulin coated tubes, 80/96 clones were found to 
be^ositive in a phage ELISA of individual clones 
rescued with VCS-M13. „^ 

TWO Of each of the positive clones were analysed rn 
EI.ISA for binding against a range of antigens (0«3^ 

, w «hn«-BSA NIP-BSA, BSA, ovalbumin, 

human thyroglobulin, phOx-BSA, Nif , ^ kih 

chymotrypsinogen-A, streptavidin, cytochrome cKLH, 
^eyTgg-white lysozyme). The two OAK-3-bindxng 
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:r^"r «oL.n -ones,- 

S the clones were touna «. 

*^cal=buUn-E"».^l e,.lns. which they had 

highly specific ^^^„ „ t=„ily-3pecl£i= 

heen selected. By hybrid 

primers (..D. ?\=^;,n;ur dches wes identified 

^•^ ro'^-crtr™r:rii:^--/-r°'^'°^""'^ 

^^ysedbya^li..i»^---;-^„,^ 
Oligonucleotides CDRFOR and g^i. for 

enelysing 1*e product on . 6% polya^l ^ ^ ^ 

,S the t.c OMca-binding '^'^^-^^ ^^^^,1 hinding 
^ acid residues, while the «.yr ^ 
clones both use a CDR3 l«.gth of 10 re^d 

Hence, antibody scTv ,,,, ,.en 

^noclcnal antii=ody and a hu.« 

20 isolated from a h««an germ l^e syntheti 
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Example 8 ac-tivitv 

^he inter.^ -"'^^"-^ receptor n^rived 
^;;rii;;;;r;rTi;;ie^aln Fv fragments derxved 

5 fro. runin.u7.sea hu»an ..a. was described in Example 
[ Is used to select antibodies which w-^-^-; 
activity of the interleukin- 1 receptor. Antibody 
activity isolated which bind to the soluble 

fragments are first isoxbt-c /tt-1r) of 

*»ain Of the l„.erle„Kln-l ' 
10 T cells. Antibody Clones thet .xe thus .aenti£.ea are 

• -, ^ ,r, a.!c:avs for interleukin-1 type 

■t-Ki*»n analysed xn assays -^^ 

^lo^ical activity. The I.-1K on .urine snd hu„an T 
oells IS u highly hcologous SO^D cell surface 
olycoprotem which binds both interleu^in-la and 

, v<„ IB A CDNA clone encodlna the N terminal 

15 interleukin-lS. A odna c external domain 

316 amino acids of the murine receptor extern 
nas been expressed in Hel. cells (S.K " 
Immunol. 142 4314-4320 1989). The soluble ILl-R 
moleoule thus expressed has been purif ied »d shows 

20 binding properties Indistinguishable from the full 
length XX.-1B molecule, a complex being forced be^e 
single soluble ILl-R molecule and IL-l. This s 

^eptor molecule binds to human ^""J^^^";^; J^^, 

numan T cell Ttl^:.: USA 

Bb tjy^o g ^ expressed 

w TT1 receotor, amino acids 1 to ^^o, x=3 

Tho "™nd ;urified as described for the murine 

30 """^le" rescued unimmunised human library is first 
selected against the recombinant human soluble I^-l 
rector, corresponding to the external domain of the 
TLTreclptor. Immunotubes are coated with the soluble 
r. re^^tor as described in example l at lOpg/ml and 
35 panning Is performed as described in example I for 
total of four rounds of affinity selection. 

Clones binding to soluble IL-l receptor are 
Characterised by ELISA using microtitre plates coated 
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^ Kia TT.-1 receptor at lOpg/na as 
with recombinant soluble XL 1 ^f^^ fragments 
described for TNF-a in Exan^le 3. J 
snowing Significant ELISA ^^^l^/''^^^ 
receptor but not with non-specifxc antxgens 
Chosen for further study. ^^.^ 
Antibody Clones isolated in this way 

^«i„hle scFv fragments in E.Colx ana 
expressed as soluble scFv r g ^ 9EIO affinity 

purified as described in Example 4 ^^^^^ 
«K« Bindina to human receptors is ase. 

usina binding 01 0.0*^ 

n„«. TIG-1 expressing the 

interleulcln-l receptor 

et »1 (E»r. J. i™unol^22 mi l ^^^^^ 

an. Platelet ^^^^^"^ '^^^ ^„ .tudles 

Dedana et al (Blood 69 ^"-699 19 )^ ^ ^^^^^^^ 
will identify antibody frag«entB «hioh bave 

specif loity against ...^^ The 

XL-1 receptor which triggers receptor activxty. 

activity can be c^antified ^^^^l^Z X.-Xa for 

interleukin-la using a standard bioassay f 

example proliferation of ^ ^ 

-in. 3H-thymidine ™-ti^- i:*!' conversion 

Dinarello Cytokine 1 14-22 1989) ox 

proliferation assay as described by A.J. Gearing 

(J. imunol. Methods 99 7-11, 1987). 
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Table I Frequency of binding clones ip olat:ed from t:he 
unimmunlsed scFv library af ter selection 



Antigen 



Rounds of selection 



No, of 
unique 
clones 



Thyroglobulin 
( bovine ) 

Thyroglobulin 

( human ) : selected 

on bovine 

Fogl (human IgGl, 
k antibody) 

TNFa (human) 

CEA (human) 

MUCl (human): 
selected with 
peptide 

rsCD4 (human) 



18/40 



10/40 



122/1920 83/192 
0/96 



94/96 
92/96 
1/96 

0/96 



2/96 

2/96 
8/96 



12 



4 

1 

1 
1 



The ratios indicate the frequency of binding clones after ea 
round of selection. Phagemids were rescued with M13Dglll 
helper phage, except for the CEA, MUCl and rsCD4 selections, 
where VCS-M13 helper phage was used. 
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Table XX ^^SS&JSBm^SSi^J^i^lSiiS^^^f^'^^,^ 



closest " 

Nucleotide A«in=-a=ia 



HEAVY CHAINS 



VHl DP-i4 - 2 

9 

7 3 
VH3 DP- 54 ' 7 



aThy-32 VH:f dp-49 32 

aThy-33 VH3 DP 49 



aF0Gl-A3 VH3 7 

aF0Gl-A4 VH3 DP-46 , 

aF0Gl-G8 V"| dP-73(CDR1 15 

to FR3) 

6 

aTNF-Al v«| ^^46 14 6 



VH3 DP-50 9 6 

aTn.-.x VH3 DP-46 1^ 0 



1 0 
VHl , % 0 



VHl DP-25(FR3) 0 g 
aCD4-74 VH5 DP-73 . 



LIGHT CHAINS 



20 ^ 

vl IGLV1S2 1 5 

"^^^^'loa) Ikl L12(FR1 & CDRl) 6 ? 

aThy-33a) Vkl 5 5 



V 2 VL2.1 16 ^1 



aF0Gl-A3 V2 v.... ^5 

aF0Gl-A4 Vkl 04 I7 

aFOGl-H6 Vkl ^5 ^7 1* 

aF0Gl-G8 Vkl ^8 
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soFv Family Germline Differences from germline 

gene of 

closes't 

nucleotide 

sequence Nucleotide Ainino-acxd 



LIGHT CHAINS 

OTNF-Al Vkl 

oTNF-El Vkl 

aTNF-E7 Vkl 

aTNF-H9Gl V 1 

OCEA4-8A Vkl 

oMOCl-l V 2 

aCD4-74 V 1 



Lll 

L5 

Lll 

IGLV1S2 
02 

VL2.1 
HumlvlLl 



12 
5 
17 
18 

4 
18 
23 



8 
5 
8 
9 

0 
12 
17 



References for all the heavy chain germline genes can be 
found in Toralinson et al. (1992). The references for the light 
chains are VL2.1 (Brockly et al. 1989); IGLV1S2 (Bernard et al. 
1990); IGLV3S1 (Frippiat et al. 1990); L8(Vd) and L5(Vb) (Pech 
et al., 1984); L12(HK102) (Bentley and Rabbits, 1980); B3(VKIV) 
(Klobeck et al., 1985); 02 and 04 (Pargent et al., 1991); LH 
(Scott et al., 1991); HumlvlLl (Daley et al., 1992). 
Alternative names are given in parenthesis. 

a) These genes appear to have been created by cross- 
overs between two V-genes during PGR amplification and 
therefore matches have been determined using the two putative 
germline segments: FR, framework; CDR, complementarity- 
determining region. 

Bentley, D.L. and Rabbits, T.H. (1980) Nature, 288, 730-3. 
Bernard, F. , Chuchana, P., Frippiat, J. P., Buluwela, L. and 

Lefranc, M.P. (1990) Nucleic Ac ids Res, 18, 7139. 
Brockly, F., Alexandre, D. , Chuchana, P., Huck, S., Lefranc, G, 

and Lefranc, M.P. (1989) Nucleic Acids Res, 17, 3976. 
Frippiat, J.P-, Chuchana, P., Bernard, F., Buluwela, L. , 
Lefranc, G. and Lefranc, M.P. (1990) Nucleic Acids Res, 18, 

7134. 

Klobeck, H.G. Bornkamm, G.W., Combriato, G., Mocikat, R., 
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Pohlenz, H.D. and Zachau, H.G. (19B5) 

. -ndl A Thiebe, R., Mitzel, S. and Zachau, 
Pargeni:, W., Meindl, A., Th^ ' 

« G (1991) T7».r .7 inmiunol, 21, iB^ii 

" . ^ „ t, R pohlenz, H.D., Neumaier, P.S., 

Klobeac, H.G. and Zachau O., Schable, 

Win1:er, G. (1992) - ^27, xn press- 
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Table IV Ollqonucl ^Qtldes used 



SYNLIBl : 

SYNLIB2 : 

SYNLIB4 : 

SYNLIB5 : 

SYNLIB6 : 

STNLIB? : 

SYNI-IB8 : 

SYNLIB9 : 

SYNLIBIO : 

SYNLIBll : 

SYNLIB12 : 

JHSAL : 

CDRFOR : 
CDRBACK : 



CAC GGC CGT GTC-3' 

5.-GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)4 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5.-GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)5 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3 

5.-GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)6 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3 

5.-6AC CAG GGT ACC TTG GCC CCA ((A/C)NN)7 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5.-GAC CAG GGT ACC TTG GCC CCA ((A/C)KN)8 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5.-GAC CAG GGT ACC TTG GCC CCA ({A/C)NN)9 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5.-GAC CAG GGT ACC TTG GCC CCA ((A/C)IttI)10 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

S'-GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)11 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5.-GAC CAG GGT ACC TTG GCC CCA C(A/C)NN)12 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5.- GCC TGA ACC GCC TCC ACC AGT CGA CAC GGT GAC 
CAG GGT ACC TTG GCC CCA-3' 

5'- CAG GGT ACC TTG GCC CCA-3' 

5«_ GTG TAT TAC TGT GCA AGA-3' 



Human VH Bacdc Primers 
HuVHlaBACKSfi 
HuVH2aBACKSfi 
HuVH3aBACKSfi 
HuVH4aBACKSfi 
HuVHSaBACKSfi 
HuVH6aBACKSfi 



5.-GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG GCC CAG 
-^^Tg^TaS^G?? gS-?;G CCG GCC ATG GCC CAG 
f ?Gi?'cS"0^A?f G?rG?r?;G CCG GCC ATG GCC GAG 
^.^cSTcS^^^ol^'^'cO CCG GCC ATG GCC CAG 
IT? -^C^^GS^cf g?§Vc?"?;G CCG GCC ATG GCC CAG 

|T!G5?^cS%S°AS"G?^G?r^0 CCG GCC ATG GCC CAG 

GTA CAG CTG CAG CAG TCA GG-3 ' 
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CLAIMS : 

1. A method of obtaining a member of a specific binding 
pair (sbp member), the sbp member being an antibody or 
antibody fragment and having an antigen binding site with 

5 binding specificity for an antigen which is a self 

antigen of a species of mammal, the method comprising: 

(a) providing a library of replicable genetic 
display packages (rgdps), each rgdp displaying at 
its surface an sbp member, and each rgdp containing . 

10 nucleic. acid with sequence derived from said species 

of mammal and encoding a polypeptide chain which is 
a component part of the sbp member displayed at the 
surface of that rgdp; 

(b) selecting, by binding with said self antigen, 
15 one or more sbp members with binding specificity for 

said self antigen. 

2. A method according to claim 1 wherein said providing 
a library of rgdps comprises: 

combining (i) a first polypeptide chain component , 
20 part of an sbp member fused to a component of a rgdp 
which thereby displays said first polypeptide chain 
component part or population thereof at the surface of 
rgdps on expression in a recombinant host cell organism, 
or a population of such a first polypeptide chain 
25 component part fused to a said component of a rgdp, with 
(ii) a second polypeptide chain component part of an sbp 
member or a population of such a second polypeptide chain 
component part, to form a library of sbp members 
displayed at the sxirface of rgdps; 
30 at least one of said first or second polypeptide 

chain component part or populations thereof being encoded 
by nucleic acid which is capable of being packaged using 
said component of an rgdp. 

3. A method according to claim 1 werein said providing 
35 a library of rgdps comprises: 

combining (i) nucleic acid which encodes a first 
polypeptide chain component of an sbp member fused to a 
component of a rgdp or a population of such a first 
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polypeptide chain co«.o«„^ P.« *"3-* ^'^ » component 

^ol^aptlde Cham ccponent part of an shp "-^^ « » 
;,^aLa thereof, to for» a library =^ 
5 LLelc acid of said library being capable of being 
packaged ualng said component o£ an rgdp; 

e^cpresslng in a recombinant host organism , 
polypeptide chain component part f„.ed to » 
a r^p or population thereof and said second polypeptide 
a rgdp or pop ^ population 

.0 Chain li^ of rgdps each displaying at 

thereof, to produce a library oi rgop 
ita surface an sbp .e,*er and containing nucleic acid 
ellg a first and a second polypeptide chain component 
part Of the sbp member displayed at «» -^-^ 

L5 4. A method according to claim 1, 2 or 3 wne 

said Sbp .ember displayed at the surf«» of an rgdp is an 
::ibod: fragment comprising a V„ domain and ^V,^^--" 
5 A method according to claim 2 wherein both said 
first and second polypeptide chain component parts or 

20 populations thereof are expressed from nucleic acid 
Lpable Of being packaged using said component of an 

method according to any preceding claim wherein 
said Sbp member displayed at the surface of an xgdp 

25 is an scFv antibody fragment. 

r A method according to Claim 2 or Claim 3 Wherein 

said second polypeptide chain component part or 

population thereof is -^^7.7^^.^.^^ 
from nucleic acid encoding said first poxypep 
30 component part or population. „ ^ 

e. A method according to claim 1 or claim 7 
Lch said Sbp member displayed at the surface of an rgdp 
is an Fab antibody fragment. 

9 A method according to any one of the preceding 
35 claims wherein the nucleic acid is derived from 
rearranged V genes of an unimmunised mammal. 
10. A method according to any one of claims 1 to 8 
wherein the nucleic acid is derived from a library 
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prepared by artificial or synthetic recombination of V- 
gene sequences- 

11. A method according to claim 10 wherein the library 
is derived from germ line V-gene sequences. 

12. A method according to any one of the preceding 
Claims wherein said species of mammal is human. 

13 A method according to any one of the preceding 
Claims Wherein sbp members selected in (b) displayed at 
the surface of rgdps are selected or screened to provide . 
an individual rgdp displaying an sbp member or a mixed 
population of said rgdps, with each rgdp containing 
nucleic acid encoding the sbp member or a polypeptide 
chain thereof which is displayed at its surface. 

14 A method according to any one of the preceding 
Claims wherein nucleic acid which encodes a selected or , 
screened sbp member and which is derived from an rgdp 
Which displays at its surface a selected or screened sbp 
member is used to express an sbp member or a fragment or 
derivative thereof in a recombinant host organism. 

20 15. A method according to claim 14 wherein nucleic acid 
from one or more rgdps is taken and used to provide 
encoding nucleic acid in a further method to obtain an 
individual sbp member or a mixed population of sbp 
members, or encoding nucleic acid therefor. 

25 16. A method according to claim U or claim 15 wherein 
the expression end product is modified to produce a 
derivative thereof. 

17 A method according to any one of claims 14.15 and 16 
wherein the expression end product or derivative thereof 
is used to prepare a therapeutic or prophylactic 
medicament or a diagnostic product. 

18 use, in a method according to any one of the 
preceding claims, of a kit comprising a library of 
nucleic acid sequences capable of being packaged in rgdps 
and which encodes a polypeptide chain component part of 
an antobody for display at the surface of rgdps. 
19. Use, in a method according to any one of claims 1 to 
17 of a' kit comprising a library of rgdps each 



30 



35 
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confining nucleic acid encoding al: least: one polypeptide 
chain component part o£ an antibody. 



wo 93/11236 



PCT/GB92/02240 



1/5 



Fig.1. 



4.00 



Specificities of anti-ThyroglobuIln scFvs 



3.00- 



o 

tjj 2.00- 



o 
to 

5 



1.00- 



0.00 



1.00 



■ aThy-33 
aThy-32 
0 aThy-29 



-I — I 1 r- 



n 1 r 



123456789 10 

ANTIGEN 
Specificities of anti-TNF scFvs 






3.00 -| 


E 


c 




in 


2,50- 


o 










2.00- 


UJ 


1.50- 


z 






1.00- 








0.50- 










0.00- 



123456789 10 

ANTIGEN 
Specificities of anti-FOGl scFvs 



■ oFOGl-AS 
@ aF0Gl-A4 
S aF0Gl-H6 



T T 



— r^-T — I — l~n — I — I — 
12 3 4 5 6 7 I18 9I0 

ANTIGEN 
SUBSTITUTE SHEET 



wo 93/11236 



PCr/GB92/02240 



2/5 



Fig. 2. 



SpcciTicity of antl-CEA scFv 




123456789 10 

ANTIGEN 



Specificity of anti-MUC-1 scFv 




2 3 4 5 6 7 8 

ANTIGEN 

Specificity of anti-CIM scFv 




1 2 3 4 5 

ANTIGEN 
SUBSTITUTE SHEET 



PCr/GB92/02240 



3/5 



0CFOG1-A4 

5.00 T 




1 23456789 10 1! 

ANTIGEN 



aFOGl-A3 

0.50 T 




ANTIGEN 
SUBSTITUTE SHEET 



wo 93/11236 



PCr/GB92/02240 



4/5 



Fig. 4. 



VH segment's 




PCR 
amplification 



Ncol 



CDR3 



FR4 



■Degenerai-e PCR primer 



FRtCDRI FR2 CDR2 FR3 



CDR3 FR4 



Cloning 



Ncol 




SUBSTITUTE SHEET 



wo 93/11236 



PCr/GB92/02240 



5/5 



Fig.5{i) 



i 



6^ 
ag 




SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

Istratlsittl AppUcstiM No 



PCT/GB 92/02240 



L OASSIFICATION OF SUBJECT MATTER (If fBP«l dKsliic«tion fjmboU «My. 



Actsrdingto iDtcnatlcmal Patent aixsiflcatioa (IPC) er to both Natioml CL»tifk»tfw i tmi IPC 

Int.Cl. 5 C12M15/13; C12M15/62; C07K13/00; 

601N33/531; G01N33/68 



C12P21/08 



ILFIEXDS SEARCHED 


MMmMM PocmtitnlMiiBn Strcfacrf^ 


Chsdfkatioa Systm 




Int.Cl. 5 


C12N ; C07K ; GOIN 



DooimeBtitiaa Stsrcbtd other than Mlnlnttn Docnmatitisa 
tb« Ebctcnt tliftt such DocBaatats are IndiiM Lb the Fiddi Snrcbtd' 



m. DOCUMENTS CONSDIEKED TO BE RELEVANT* 





dtatioQ of Docanckl, U wUh litdicattoii, irii«ra sppiopriitt, of tbc ntenst pn 




lUWVlBt to vJaini nVn" 


P.X 


W0,A.9 201 047 (CAMBRIDGE ANTIBODY 

TECHNOLOGY, LTD, GB) 

23 January 1992 

cited In the application 

See Page 11, line 7 - Page 14, line38; 

Page 16, line 42 - Page 29, lin 37; 

examples 39-43, 48; the claims 




1-19 


P.X 


W0.A,9 220 791 (CAMBRIDGE ANTIBODY 

TECHNOLOGY LTD, GB) 

26 November 1992 

see the whole document 




1-19 


X 


WO.A.g 014 443 (HUSE, WILLIAM. USA) 

29 November 1990 

See claims 1, 4, 5, 8-11, 13, 24 




1-19 



"Spwiil atcgorl«s ofdted iocuoMBti t*^ 

'A' documemMningthtgeacnlsttte ortbcvlirtitchlsnt 

coosidoed to be of punaibr nltvBnet 
*£* tariitfdoeiniait but puUisbtdraorofkcrthelBtcrDitfam&l 

ffllngdito 

V docamctt wUch my thitnfdonbts OB priority datmCi) or 
widck is cited to csteblbli tfat pobliotion dtt« of >notbcr 
dtBtbm or other ipcdal rcuoo (ss spcdfied) 

'O* docnmtat itfeniagto «b otml dbdotore, etc, eadJbWoB or 
other m«BU 

^P* dooniMCpiiUUcdpffiDrtothctaitBttationilfifiif datehot 
later tinn tho prterity ittt cbdtted 



IV. CERTinCATION 



Date of the Actual Coaiptettoii of the tntftnitioial Seardt 

17 HARCH 1993 


Date of MaOi&g of this latemaiioBal Scuch Kcport 


Intcreattooal ScarchhiK Authority 

EUROPEAN PATENT OFFICE 


Slgutore of Aothorizcd Officer 

S.A. NAUCHE 



tmm PCT/OA/UO HmmA akHi) (JMoy m9 



T* later document published after the fntanational fiUsg data 
or priority date and not la coaflict vith the BpaHcatioa bm 
dted to uBderstaad the pil&clpli or tfacovy BttMriyiag tht 
t n i Totk io 

deoniMBt of particular relevaaoe; the dalmcd tnnotioa 
CBBDot he CDDddocd oflMl or caniiDt he considered to 
iandve an InvestlTostcp 
*y docnmcnt of particalar rrievaBce; the claimed tBvatiDn 
cannot be considered to fanrolve an Inventive step when the 
docament is coabtned with one or more other such docn- 
■als, soch cooibinattOB being ota^rloos to a prao sidtted 
hi the arc 

'A' docnnent neoriter of the same patent tenOty 



PCT/GB 92/02240 




P.X 



WO. A, 9 OU «0 (SCRIPPS CLINIC AND 

RESEARCH FOUNDATION, US) 

29 November 1990 

see the whole document 

W0,A,9 014 424 (SCRIPPS CLINIC AND 

RESEARCH FOUNDATION, US) 

29 November 1990 

see the whole document 

W0,A,8 806 630 (GENEX CORPORATION, USA) 
7 September 1988 
see claim 4 

SCIENCE 

vol. 246, 8 December 1989, LANCASTER, PA 
pages 1275 - 1281 

Huse. W.D. et al.; 'Generation of a 
combinatorial library of the 
Immunoglobulin repertoire in Phage 
lambda.' 

see the whole document 



large 



1991, LONDON GB 



NATURE. 

vol. 349, 24 January 
pages 293 - 299 j 
Winter, Greg; Mil stein, Cesar; 'Man-made 
antibodies' 

cited in the application 

PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF USA. 

vol. 88, May 1991, WASHINGTON US 
pages 4363 - 4366 

Kang, A.S. et al.; 'Linkage of recognition 
and replication functions by assembling 
combinatorial antibody Fab libraries along 
phage surface.' 
see the whole document 

pages 779 - 783 ^ „ 

Marks, James D.; Griffiths, Andrew D.; 
Malmqvist, Magnus; Clackson, Tim P.; Bye, 
Jacqueline M.; Winter, Greg; 'By-passing 
immunization: building high affinity human 
antibodies by chain shuffling' 



1-19 



1-19 



1-5,8, 
12,19 



1-5,10, 
11, 

13-16,19 



1,5.7,8, 
12-19 



1,6 



ANNO TO THE INTERNATIONAL SEARCH IffiPORT 9202240 
SniJjStRNATIONAL PA-TENT APPLICATION NO. GB 9202240^^ 



SEr,sLi5St'sKS2r^£;r?S^^«--«^«^ 17/03/93 



cited in search report 



WO-A-9201047 



WO-A-9220791 



23-01-92 



26-11-92 



Vra-A-9014443 



29-11-90 



WO-A-9014430 



29-11-90 



WO-A-9014424 



29-11-90 



■iciiibcr<s) 



AU-A- 
WO-A- 



AU-A- 
WO-A- 



AU-A- 
AU-A- 
AU-A- 
CA-A- 
CA-A- 
CA-A- 
EP-A- 
EP-A- 
EP-A- 
JP-T- 
JP-T- 
WO-A- 
W-A- 



AU-A- 
AU-A- 
CA-A- 
CA-A- 
EP-A- 
EP-A- 
JP-T- 
WO-A- 
AU-A- 
CA-A- 
EP-A- 
JP-T- 
WO-A- 



8221691 
9220791 



8221691 
9201047 



5673390 
5813890 
5834490 
2016841 
2016842 
2057923 
0472638 
0425661 
0478627 
4500607 
4506600 
9014424 
9014430 



5673390 
5813890 
2016841 
2016842 
0472638 
0425661 
4500607 
9014424 
5834490 
2057923 
0478627 
4506600 
9014443 



AU-A- 
AU-A- 
CA-A- 
CA-A- 
EP-A- 
EP-A- 



5673390 
5813890 
2016841 
2016842 
0472638 
0425661 



PuUkatbB 



04-02-92 
26-11-92 



04-02-^92 
23-01-92 



18-12-90 
18-12-90 

18- 12-90 
16-11-90 

16- 11-90 

17- 11-90 
04-03-92 
08-05-91 
08-04-92 
06-02-92 

19- 11-92 
29-11-90 
29-11-90 



18-12-90 
18-12-90 
16-11-90 

16- 11-90 
04-03-92 
08-05-91 
06-02-92 
29-11-90 

18- 12-90 

17- 11-90 
08-04-92 

19- 11-92 
29-11-90 



18-12-90 
18-12-90 
16-11-90 
16-11-90 
04-03-92 
08-05-91 



iFwTOredetrilf •bortlliii«w:feeOBcWJoinirirflheEiir«p««l^ttntOIBt«,r*^ W/81 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 
ON INTERNATIONAL PATENT APPLICATION NO. 



9202240 
67821 



Hie m«*ewire IS coBtiiDed to the BunipeMPrtatf Office EDP Oft w . ■ ,. 

The EBTopcM P«tfBt Office If to BO i»y Brtle br tht« pwtfcnlw which ire n«n(y prm i« 

Page 



17/03/93 
2 



Pstcot do c i mif Bt 
ortcd in sswdi report 



WO-A-9014424 



JP-T- 
WO-A- 
AU-A- 
CA-A- 
EP-A- 
JP-T- 
WO-A- 



4500607 
9014430 
5834490 
2057923 
0478627 
4506600 
9014443 



06-02-92 
29-11-90 

18- 12-90 
17-11-90 
08-04-92 

19- 11-92 
29-11-90 



WO-A-8806630 



07-09-88 



EP-A- 0349578 



10-01-90 



O 

MFer 



details about Cb&r I 



: sse Official Jemal of the Eorapcaa PiUcnt Office^ Ms. 12/82 



